SURGERY 


GYNECOLOGY AND OBSTETRICS 
An International Magazine, Published Monthly 


Marcu, 1939 


NUMBER 3 


MULTIPLE PRIMARY MALIGNANT LESIONS 


LEONARD K. STALKER, M.D., RICHARD B. PHILLIPS, M.D., and 
JOHN deJ. PEMBERTON, M.D., F.A.C.S., Rochester, Minnesota 


ULTIPLE primary malignant le- 
sions occur more frequently than 
one would suspect before review- 
ing the literature of the past 20 

years. We were stimulated in making such a 
review by the rather frequent occurrence of 
multiple primary malignant lesions in cases 
seen on the surgical service of one of us 
(Pemberton) in the year 1937. Asa result, we 
reviewed all cases, approximately 2,500, in 
which operation was performed and a diag- 
nosis of malignancy was made by a surgeon 
and pathologist at the Mayo Clinic in 1937. 

The true significance of multiple primary 
malignant tumors has not yet been clearly 
established. It is hoped that studies of this 
kind, apart from their interest, may add to 
the genetic background of cancer. Billroth, 
in 1869, first reported cases of multiple malig- 
nant tumors. Rather comprehensive reviews 
have been made by Major (1918), Owen 
(1921), Hanlon (1931), Warren and Gates 
(1932), Hurt and Broders (1933), Schreiner 
ae = (1934), Bugher (1934), and Burke 

1936). 

Billroth, in 1869, proposed 3 postulates for 
the authenticity of multiple cancer: (1) Each 
tumor must have an independent histological 
appearance; (2) the tumors must arise in dif- 
ferent situations; and (3) each tumor must 
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produce its own metastasis. Inasmuch as 
these conditions, especially the third one, are 
not usually fulfilled in cases in which opera- 
tion is performed, we have used the criteria 
that have been proposed by Goetze, namely: 
The macroscopic and microscopic appearance 
of the tumors must be that of the usual car- 
cinomas of the organs involved; exclusion of 
metastasis must be certain; diagnosis may be 
confirmed by the character of the metastasis 
in each case. Multiple primary neoplasms 
were found in 113, 4.52 per cent, of our series 
of approximately 2,500 cases of malignancy. 
In 1931 Hanlon reviewed the reports of 
3,000 consecutive necropsies performed at the 
Mayo Clinic. In g50 cases death was attrib- 
utable to malignant tumors; in 710 of these 
cases the tumors were carcinomas. In 18, or 
2.5 per cent, of the 710 cases of carcinoma 
multiple primary neoplasms were found. 
Warren and Gates, in 1932, reported the 
results of necropsy in 1,078 cases of cancer; 
multiple primary neoplasms were found in 3.7 
per cent of the cases. They also found reports 
of more than 1,200 cases of multiple primary 
malignant tumors in a review of the work of 
more than 430 authors. They said that on 
the basis of all statistics the incidence of 
multiple primary malignant tumors is 1.84 
per cent in all cases of cancer, but that on the 
basis of the American figures alone the inci- 
dence is 3.9 per cent. They also expressed the 
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opinion that the occurrence of multiple 
malignant lesions is more frequent than can 
be explained on the basis of chance. 

In 1933 Hurt and Broders reviewed a series 
of 2,124 cases of malignancy that were 
observed at The Mayo Clinic in 1929. The 
diagnosis was made by. microscopic examina- 
tion in all of the cases. Multiple primary 
malignant tumors were found in 71, or 3.3 
per cent of the cases. The authors concluded 
that the factors which cause the development 
of the tumors also express themselves in the 
grade of malignancy, according to the classi- 
fication of Broders. They expressed the 
opinion that the incidence of multiple primary 
malignant lesions was greater than would be 
expected if the occurrence was accidental. 

Schreiner and Wehr, in 1934, reported a 
series of 11,212 cases of malignancy seen at 
the State Hospital, in Buffalo, New York, in 
20 years. Multiple primary malignant lesions 
were found in 307, or 2.7 per cent of the cases. 

Bugher, in 1934, reported the results of a 
series of 4,394 necropsies; in 983, or 22.3 per 
cent of the cases, deaths were due to cancer, 
and in 30, or 3.1 per cent of the 983 cases, 
there were multiple primary malignant tu- 
mors. He computed the expected occurrence of 
coincidental multiple primary malignant neo- 
plasms from the mortality statistics in cases 
of cancer in the United States and found that 
it was exceeded by the actual occurrence. 


Fig. 1. Primary malignant lesions found in Case 1; 
a, adenocarcinoma, grade 1, of the descending colon 
(X29); b, adenocarcinoma, grade 1, of the uterus (X 29); 
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Burke, in 1936, reported the results o/ a 
series of 2,033 necropsies performed at the 
Wisconsin General Hospital, at Madison. 
Cancer was found in 583, or 28.6 per cent of 
the cases. True multiple primary cancers were 
found in 46 or 7.8 per cent of the 583 cases. 

The European figures for the most part have 
been derived from reports of a series of nec- 
ropsies and, as a rule, indicate a lower inci- 
dence of multiple primary malignant tumors 
than do the American figures. Bilello and 
Montanini reviewed 8,024 cases in which 
necropsy was performed in Italy. Malignant 
tumors were found in 1,154 of the cases, but 
multiple primary malignant tumors were 
found in only 7, or 0.6 per cent, of the 1,154 
cases. Goriainowa and Schabad, of Lenin- 
grad, made a similar review of 6,652 cases in 
which necropsy was performed. They found 
1,238 cases of malignancy; multiple malig- 
nant tumors were present in 23, or 1.8 per 
cent of the 1,238 cases. 

There were 327 separate neoplasms in our 
series of 113 cases. In 51, or 45.1 per cent of 
the cases, multiple primary malignant lesions 
occurred simultaneously; in 62, or 54.9 per 
cent of the cases, the neoplasms appeared at 
different and varying intervals of time. In 
each case, however, the patient was operated 
on and the diagnosis of malignancy was con- 
firmed by microscopic examination in 1937. 
In 30, or 26.5 per cent of the cases, an interval 


c, intracystic, papillary adenocarcinoma, grade 1, of right 
ovary (X35); d, papillary adenocarcinoma, grade 1, of the 
left fallopian tube (X 40). 
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o/ 5 years or more had elapsed between the 
development of individual lesions. In one 
case malignant tumors had occurred at vary- 
ing intervals for 43 years. In the 30 cases the 
average interval had been 12.3 years; in 21 of 
the 30 cases, 10 or more years had elapsed 
between the development of individual neo- 
piasms. 

Sixty-three of the patients were females 
and 50 were males. The average age of the 
i13 patients was 59.7 years. Seventy-three of 
the patients were between 50 and 70 years of 
age. 

In this series of 113 cases the distribution of 
the malignant lesions was similar to the usual 
distribution of such neoplasms. More than 
2 primary malignant lesions were encountered 
in several of the cases. As many as 12 neo- 
plasms of the skin were found in 1 case. 

In 35 of the 113 cases the multiple primary 
malignant lesions involved only the skin. In 
the classification of the situation of the neo- 
plasms those that involved the lips were 
included as lesions of the skin. Excluding the 
cases in which the neoplasms involved the 
skin, including the lips, there were 64 cases in 
which 2 or more primary malignant lesions 
were found. Two lesions were found in each 
of 50 cases, 3 lesions were found in each of 11 
cases, 4 lesions were found in each of 2 cases, 
and 5 lesions were found in 1 case. In each of 
14 other cases 1 or more primary malignant 
lesions of the skin were associated with a 
primary malignant lesion of some other organ. 

Of the 327 lesions, 167 involved the skin 
and lip; 97 of these were basal cell epitheli- 
omas, 69 were squamous cell epitheliomas, 
and 1 was a melano-epithelioma. The 167 
skin neoplasms were distributed over the 
entire body but were chiefly confined to the 
skin of the face and neck. A skin lesion was 
found in 54 cases; in 35 of these cases the 
patients had multiple skin neoplasms only, 
with no evidence of other malignancy. In 19 
cases the malignant lesion of the skin was 
associated with a malignant lesion in another 
part of the body. Twenty malignant lesions 
of the lip were found in a group of 18 cases; 
in 13 of these there also was some other 
malignant lesion of the skin. There were 43 
neoplasms of the breast in a group of 28 cases. 


Fig. 2. Gross specimen removed in Case 2; a large car- 
cinoma, grade 2, is situated in the ascending colon and a 
similar lesion is situated in the transverse colon; numerous, 
small polyps are visible. 


In this group 9g patients had bilateral mam- 
mary carcinomas without evidence of any 
other malignant lesion. Four patients had 
carcinoma of both breasts and 15 had car- 
cinoma of one breast; all of these 15 patients 
also had a primary malignant lesion in some 
other part of the body. There were 27 malig- 
nant lesions of the ovary in a group of 17 
cases. © Primary malignant lesions of both 
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Fig. 3. Malignant lesions found in Case 3; a, at left, 
adenocarcinoma, grade 3, of the cecum (X27); b, adeno- 
carcinoma, grade 3, of the sigmoid colon (X34). 


ovaries were encountered in 10 cases; in 2 of 
these cases there were primary malignant 
lesions in other parts of the body. In 7 cases 
a primary malignant lesion of the ovary was 
associated with a primary malignant lesion in 
another part of the body. There were 14 
malignant lesions of the uterus and cervix in 
a group of 13 cases; 2 separate primary 
malignant lesions were found in 1 uterus. The 
neoplasm was primary in the cervix in 5 
instances and in the fundus in 9. 

Forty-seven primary malignant lesions of 
the gastro-intestinal tract were found in a 
group of 32 cases. Twenty-four of the neo- 
plasms were situated in the colon, 13 were in 
the rectum, 8 were in the stomach, 1 was in 
the esophagus, and 1 was in the anus. 

A miscellaneous group included a variety of 
primary malignant growths. The tongue was 
involved in 4 cases, the urinary bladder and 
prostate gland each were involved in 3 cases, 
the paranasal sinuses, pharynx, larynx, paro- 
tid gland, and thyroid gland each were 
involved in 2 cases, and the brain, bronchus, 
kidney, mastoid cells, and fallopian tube each 
were involved in 1 case. In this group must 
also be included 4 sarcomas that were situated 
in various parts of the body. 


REPORT OF CASES 
Ten of the cases are of special interest. In 
the reports of these cases the stated ages of the 
patients are the ages at the time the patients 
were observed at the clinic in 1937. Five pri- 


Fig. 4. Malignant lesions found in Case 5; a, at left, 
adenocarcinoma, grade 3, of left breast (X54); b, adeno- 
carcinoma, grade 4, of right breast (74). 


mary malignant lesions were found in Case 1. 
There also was a family history of cancer in 
this case. 


CasE 1. The patient was a woman, aged 6g years. 
Her father, mother, and 3 cousins had died of can- 
cer. In 1921 operation elsewhere had disclosed a 
definite carcinoma of the ascending colon. Two 
other operations were performed at the clinic. The 
first of these operations at the clinic was performed 
because of carcinoma of the descending colon. The 
second operation disclosed separate neoplasms of 
the uterus, right ovary, and left fallopian tube (Fig. 
1). The pathologist reported that these neoplasms 
found in the descending colon, uterus, right ovary, 
and left fallopian tube were primary malignant 
lesions. 

CASE 2. The patient was a woman, aged 58 years. 
Her mother had died at the age of 33 years of an 
abdominal tumor that probably was malignant. 
A total abdominal hysterectomy had been performed 
in 1931 for adenocarcinoma of the uterus. In 1937 
a resection of the ascending colon and the right half 
of the transverse colon was performed for a car- 
cinoma of the cecum and another carcinoma of the 
transverse colon (Fig. 2). There were several small 
polyps in the segment of the colon that were 
removed. 


The following case has been reported pre- 
viously by Dr. C. H. Smith. In this case the 
family history of the same type of carcinoma 
was rather pronounced. 


CasE 3. The patient was a man, aged 47 years. 
His father had died of carcinoma of the stomach 
and his brother had been a patient at the clinic in 
1933, when he had undergone a resection of the 
cecum for adenocarcinoma, grade 4. An exploratory 
laparotomy, which was performed September 4, 
1935, disclosed a carcinoma of the sigmoid colon 
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Fig. 5. Malignant lesions found in Case 6; a, at left, 
adenocarcinoma, grade 3, of breast (X77); b, adeno- 
carcinoma, grade 4, of lymph node of stomach (X 100). 


and a large carcinoma of the cecum. The cecum 
and a portion of the large and small intestine were 
resected. The neoplasm in the cecum was an adeno- 
carcinoma, grade 3 (Fig. 3a). On September 25, 
1935, the sigmoid colon was resected; the lesion in 
this segment of the intestine was a carcinoma, 
grade 3 (Fig. 3b). The patient returned to the 
clinic on November 8, 1937; examination at that 
time disclosed a carcinoma of the descending colon, 
which proved to be an adenocarcinoma, grade 3. 


It is of interest to note that the brother of 
the patient in Case 3 returned to the clinic in 
February, 1938. Examination disclosed a 
carcinoma of the rectum, grade 2. 


CasE 4. The patient was a woman, aged 36 years. 
A radical amputation of the left breast had been 
performed in 1935, because of carcinoma. In 
December, 1935, a resection of the descending colon 
was performed at the clinic, because of adenocar- 
cinoma, grade 2. A radical amputation of the right 
breast was performed in 1937, because of adeno- 
carcinoma, grade 3. 


In the following case an interval of 15 years 
elapsed between the development of malig- 
nant lesions of the breasts. 


CASE 5. The patient was a woman, aged 63 years. 
Her mother had died of carcinoma of the liver and 
her father had died of carcinoma of the stomach. 
Her first visit to the clinic was in 1922, when an 
operation was performed for adenocarcinoma, grade 
3, of the left breast (Fig. 4a). She returned to the 
clinic in 1937 and underwent an operation for 
adenocarcinoma, grade 4, of the right breast (Fig. 
4b). In the course of this operation 4 rather discrete 
basal cell epitheliomas were removed from the skin 
of the trunk. 


Fig. 6. Malignant lesions, Case 9; a, at left, adenocar- 
cinoma, grade 3, of left breast (51); b, endothelial 
sarcoma of lymph node obtained from right axilla (X 255). 


CasE 6. The patient was a woman, aged 67 years, 
She first came to the clinic in 1921. At that time a 
radical mastectomy was performed because of adeno- 
carcinoma, grade 3 (Fig. 5a). In 1936 a resection of 
a portion of the descending colon was performed 
elsewhere because of adenocarcinoma, grade 2. The 
patient returned to the clinic in 1937. At this time 
she was subjected to operation because of adenocar- 
cinoma, grade 4, of the stomach (Fig. sb). 


In Case 6 there was no family history of 
cancer but the patient had had 2 malignant 
lesions before the one that was found when 
she returned to the clinic in 1937. Fifteen 
years had elapsed between the occurrence of 
the first 2 malignant lesions. 

The next case, which demonstrates the 
occurrence of identical malignant lesions of 
bilateral organs of homologous twins, has 
been reported previously by Phillips and 
Broders. 


CasE 7. The patient was a woman, aged 48 years; 
she was an identical twin. Her paternal aunt had 
died of carcinoma of the breast, at the age of 45 
years. In 1927 an older sister had undergone an 
operation for a tumor of the breast. A radical 
mastectomy had been performed in 1927 because 
of adenocarcinoma, grade 4, of the right breast. 
Another radical mastectomy had been performed 
in 1928 because of a similar neoplasm of the left 
breast. She first came to the clinic in 1937. At this 
time she was subjected to operation for papillary 
adenocarcinoma, grade 3, of both ovaries. 

In 1930 her twin sister had undergone a simple 
mastectomy for early carcinoma, grade 4, of the 
right breast. This twin came to the clinic in 1932, 
because of a recurrence of the neoplasm on the right 
side. Examination also disclosed a growth in the 
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Fig. 7. Malignant lesions found in Case to; a, at left, 
adenocarcinoma, grade 4, of breast (X40); b, adeno- 
carcinoma, grade 1, of uterus (X43). 


left breast. Operation disclosed that the lesion of 
the left breast was an adenocarcinoma, grade 4. A 
radical dissection was performed on the right side; 
this revealed that the recurrent neoplasm also was 
an adenocarcinoma, grade 4. At the time this was 
written there was no evidence of a malignant lesion 
of either ovary of the second twin. 


In the following case an unusual combina- 
tion of neoplasms was encountered. 


CasE 8. The patient was a woman, aged 51 years. 
Her uncle had died of carcinoma of the lip. In 1933 
a radical mastectomy had been performed for car- 
cinoma of the left breast. The patient came to the 
clinic in 1937. At this time a total hysterectomy 
was performed because of sarcoma of the left ovary. 
In examining the specimen that was removed at the 
operation, the pathologist encountered an endo- 
metrial polyp that contained 2 separate malignant 
lesions, a sarcoma and a carcinoma. 


In the following case carcinoma and sar- 
coma occurred simultaneously. 


CASE 9. The patient was a woman, aged 55 years. 
In March, 1937, a radical mastectomy was per- 
formed because of an adenocarcinoma, grade 3, of 
the left breast (Fig. 6a). Two months later a mass 
of lymph nodes was removed from the right axilla. 
Examination of this mass disclosed a sarcoma of 
the endothelial type (Fig. 6b). 

CASE 10. The patient was a woman, aged 53 years. 
One brother had died of carcinoma of the stomach 
and another brother had died of carcinoma of the 
colon. The patient came to the clinic in 1934; at 
that time her breast was removed because of 
adenocarcinoma, grade 4 (Fig. 7a). In 1937 a 
hysterectomy was performed because of adenocar- 
cinoma, grade 1, of the uterus (Fig. 7b). 
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REMARKS 

In this series of cases the skin, including the 
lip, was involved more frequently than was 
the rest of the body. In the cases in which 
the skin was involved, the incidence of ba-al 
cell epithelioma was slightly greater than that 
of squamous cell epithelioma. A history o! a 
previous dermatitis, such as psoriasis, or 
which had followed some kind of chemical 
irritation, or roentgen therapy was obtained 
in many cases of neoplasms of the skin. 

In 17 cases the only malignant lesions 
encountered were neoplasms of each of 
bilateral organs, namely, the breasts and 
ovaries. Many authors may criticize us for 
including these neoplasms as multiple pri- 
mary malignant lesions because the possibil- 
ity of metastasis from the opposite breast or 
ovary is considered by some to be strong. It 
is true that an absolute proof of the true pri- 
mary nature of a growth such as one of this 
type is difficult to obtain, but in many instances 
there was a difference in the grading of the 
lesion, a difference of many years between the 
occurrence of the 2 neoplasms, and in some 
instances there was a difference even in the 
type of lesion. We believe that neoplasms in 
each of bilateral organs are more often primary, 
so have included all bilateral malignant lesions 
as being primary and feel that their situation 
relative to one another is immaterial. 

The average age of the 113 patients in the 
year 1937 was 59.7 years. If this figure had 
been determined on the basis of the age at 
the time of the occurrence of the first primary 
malignant lesion, the figure would have been 
somewhat lessened. It would then be less 
than the average age reported by many other 
authors, such as 62.6 years reported by 
Hanlon, 62.1 years reported by Owens, 50.4 
years reported by Hurt and Broders, and 
55-5 years reported by Warren and Gates. 
We feel that these ages would represent the 
average age for the occurrence of single 
malignant lesions and do not believe that the 
prevalent impression, that multiple malignant 
lesions occur more often at an advanced age 
than do single malignant lesions, is based on 
adequate data. 

The number of females in comparison to 
the number of males is slightly increased, but 


600 
k ol 
TI 
ha 
in 
wil 
au 
thi 
vie 
ita 
ma 
car 
wa: 
tan 
occ 
Mc 
rep 
ha 
org 
twi 
it fe 
stit 
su 
will 
3 of t 
in t 
evel 
The 
ber: 
fran 
the 
itar 
deve 
of t 
ata 
to 


STALKER, ET AL.: MULTIPLE PRIMARY MALIGNANT LESIONS 


this increase is not great enough to be of any 
sivnificance. This has been the usual observ- 
ance of other authors. 

The fact that more than a fourth of our 
patients had an interval of more than 5 years 
between the noted occurrence of the first and 
second lesions is of interest, but we feel that 
it is of only slight significance. Of course, the 
longer the interval between the development 
oi the 2 primary malignant lesions, the more 
certain is the likelihood that the second neo- 
plasm is not a metastasis or recurrence of the 
first. In the majority of our cases the multiple 
malignant lesions developed simultaneously. 
This would suggest that more than one pri- 
mary focus for the development of cancer may 
have been present in each of these cases. 

A family history of malignancy was noted 
in 26.6 per cent of the 113 cases. This agrees 
with the 15 to 30 per cent reported by other 
authors. It seems that a percentage such as 
this would in part substantiate the definite 
views of many authors that there is a hered- 
itary factor in the etiology of cancer. In 
many of the cases (Cases 1, 2, 3, 5, 7, 8, and 
10) several members of the family had had 
cancer. In one case, Case 6, which previously 
was reported by Phillips and Broders, simul- 
taneous bilateral carcinomas of the breast 
occurred in each of homologous twins. 
McFarland and Meade have collected 20 
reports of cases in which identical tumors 
have occurred simultaneously in the same 
organs of identical twins. Since homologous 
twins originate from the same fertilized ovum, 
it follows that they have identical genetic con- 
stitutions. It may be that the study of cases 
such as these, from the standpoint of genetics, 
will help to throw some light on the solution 
of the genesis of cancer. The genetic factors 
in the development of cancer in human beings 
eventually will be given greater consideration. 
The occurrence of cancer among several mem- 
bers of one family should be discussed rather 
frankly with other members of the family; 
the discussion should include the known hered- 
itary aspects of cancer. In this way the 
development of cancer among other members 
of the family might be prevented or arrested 
at an early stage. They would be encouraged 
to co-operate with the physician and undergo 
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periodic health examinations. They might be 
prompted to seek early advice regarding pain- 
less lumps, or about other signs which 
ordinarily, to them, might seem insignificant. 
This procedure might avoid or eliminate 
sources of irritation, and in some few cases it 
possibly might restrict reproduction. 

Holman and Lockhart-Mummery recently 
have expressed similar opinions. It is difficult 
to speculate as to why an individual with one 
cancer should have another separate and 
apparently unrelated neoplasm at a later date. 
Some authors, as for example Bugher, have 
demonstrated that the incidence of the devel- 
opment of multiple primary neoplasms is 
greater than one would expect on the basis of 
chance alone. This implies the presence of a 
definite predisposition or susceptibility to 
malignancy, or to the action of some factor 
favoring the development of malignancy in 
cases such as we have reported. 


SUMMARY 


A review was made of 2,500 cases of malig- 
nant lesions in which operation was performed 
at the clinic during the year 1937. One hun- 
dred thirteen instances of multiple primary 
neoplasms were found in this group of cases. 

Three hundred twenty-seven separate neo- 
plasms were observed in the 113 cases; 167 
involved the skin and lip, 47 of the neoplasms 
were situated in the gastro-intestinal tract, 
43 in the mammary gland, 27 in the ovaries, 
14 in the uterus or cervix, and 29 were situated 
in various regions and, therefore, are classi- 
fied as miscellaneous. 
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THE FATE OF LIVING AND DEAD CARTILAGE 
TRANSPLANTED IN HUMANS 


LYNDON A. PEER, M.D., F.A.C.S., Newark, New Jersey 


URGICAL opinion differs widely con- 
cerning the fate of various types of 
cartilage grafts after transplantation 
in human tissues. Numerous investi- 

gators have buried cartilage grafts in animals, 
and our knowledge of the behavior of human 
cartilage grafts is based very largely on the 
conflicting results of this animal experimen- 
tation. 

Desiring to obtain more definite informa- 
tion concerning the fate of human cartilage 
grafts in human tissues, I performed the fol- 
lowing experiments: 

1. Six segments of cadaver cartilage pre- 
served in alcohol were transplanted beneath 
the skin of 6 other humans (homografts) and 
removed for examination at intervals from 6 
months to 2 years. 

2. Eight segments of living autogenous 
costal cartilage were buried beneath the skin 
of 8 humans and removed for examination at 
intervals from 6 months to 6 years. All of 
these grafts were transplanted without peri- 
chondrium. 

Cadaver cartilage grafts. The use of cartilage 
preserved in alcohol to fill depressions of the 
nose, face, and skull, like most surgical pro- 
cedures, is not new. It was utilized rather 
extensively a generation ago and was discarded 
because of ‘the belief that the grafts either 
suppurated or were absorbed and replaced by 
fibrous tissue. Recently there has been a re- 
vival of the method. Pierce and O’Connor, J.B. 
Brown, Claire Straith, C. R. Straatsma, and I, 
among others have used cartilage preserved in 
alcohol to repair saddle nose and defects of 
the skull. Successful grafts examined by ex- 
ternal palpation appear to retain their size and 
consistency to periods of over a year. 

The advantage of this procedure is obvious, 
as fresh cartilage from cadavers is easily ob- 
tainable in almost any desired quantity, and 


_ Read before the Society of Plastic and Reconstructive Surgery, 
St. Louis, Missouri, October 22, 1937. 


a supply of this cartilage preserved in alcohol 
may be kept on hand in the hospital labora- 
tory for use when needed. It goes without 
saying that the donor must be proved free 
from syphilis. The disadvantage of the method 
lies in the uncertainty as to the ultimate fate 
of the transplant. 

Autogenous rib cartilage grafts. Koenig, in 
1896, was the first to use cartilage transplants 
in man, and since that time, living autogenous 
rib cartilage has been employed widely as a 
filling substance, and for the structural sup- 
port of soft tissues. 

There is, however, a great difference of 
opinion concerning the fate of the autogenous 
cartilage graft following transplantation. In 
the literature one finds a variety of conflicting 
reports all based on clinical observation of the 
grafted area. A single exception is the report 
of Gillies on one specimen of rib cartilage 
examined microscopically 18 months after 
transplantation. A questionnaire sent to 10 
surgeons, who frequently use rib cartilage 
grafts, disclosed a variety of beliefs concern- 
ing the fate of the grafts. These opinions were 
based on clinical evidence and may be sum- 
marized as follows: (1) Cartilage tends to 
survive when transplanted. (2) Cartilage 
tends to degenerate when transplanted. (3) 
Cartilage survives when transplanted with 
its perichondrium, but tends to degenerate 
and disappear when transplanted without its 
perichondrium. 


PREVIOUS EXPERIMENTAL WORK WITH LIVING 
CARTILAGE IN ANIMALS 


The literature on cartilage during the past 
80 years is so extensive that I have attempted 
to summarize only the most important work 
and indicate its significance. 

Paul Bert was probably the first to trans- 
plant cartilage. From his experimental studies 
with animals he came to the conclusion that a 
cartilage graft retained its viability and led to 
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Fig. 1. Alcohol preserved septal cartilage buried 6 months. The cartilage cells are greatly shrunken 
but there is no invasion or absorption of the cartilage graft. 

Fig. 2. Alcohol preserved rib cartilage buried 914 months. This section shows the earliest invasion of 
the dead cartilage grafts in my series. The cartilage is represented at A and the dense host connective 
tissue capsule surrounding the cartilage at B. At C one edge of the cartilage is invaded by ingrowing 
fibroblasts from the capsule, and there is partial absorption in this area. 

Fig. 3. Alcohol preserved septal cartilage buried 14 months. The cartilage is divided into 2 sepa- 
rate portions by invading host fibrous tissue. There are numerous blood vessels and giant cells in the 
invading fibrous tissue and the edges of the cartilage show indentations where absorption has taken 
place. A and B represent the cartilage and C the invading fibrous tissue. 


the formation of bone. He experimented prob- 
ably before 1865, but this is our first reference. 
Ollier, in 1867, and Zahn, in 1884, assumed 
a diametrically opposed view of the fate of 
adult animal cartilage transplants. They both 
noted degenerative changes in the grafts that 
led ultimately to their absorption. Zahn con- 
cluded that cartilage grafts degenerated, 
whether transplanted into the same animal 
(autografts) or transplanted into different 
animals (homografts and heterografts). 
Fischer is responsible for the origin of the 
theory that the survival of a cartilage graft 


is dependent on the presence of the perichon- 


drium. In his experiments, costal cartilage 
degenerated after about 8 weeks when trans- 
planted as a homograft without its peri- 
chondrium. Cartilage transplanted with its 
perichondrium showed little alteration in 
structure over the same period of time. 

We find expressed in this early experi- 
mental work on animals the 3 viewpoints as 
to the fate of adult cartilage transplants 
which still exist today: (1) Cartilage tends 
to survive when transplanted. (2) Cartilage 
tends to degenerate when transplanted. (3) 
Cartilage survives when transplanted with 


its perichondrium, but tends to degenerate 
and disappear when transplanted without its 
perichondrium. 

Illustrating the more recent work on carti- 
lage transplants in animals, Leo Loeb, in 
1926, buried xiphoid cartilage with perichon- 
drium and the fat of guinea pigs, in the same 
guinea pig (autograft) and in different guinea 
pigs (homograft). He removed the cartilage 
at intervals of 1 day to 5 months and 19 days. 
He found that, after autotransplantation, re- 
action in the tissues about the transplant was 
almost entirely lacking. 

After homotransplantation, lymphocytes 
collected about the graft, and, in places, 
lymphocytes, connective tissue cells, and 
blood vessels entered necrotic portions of the 
cartilage. The reaction to the graft began 
early, reached a maximum in about 3 weeks, 
and, from that time on, ceased to a great ex- 
tent. Both the autograft and the homograft 
remained up to 5 months and 19 days. 

Mannheim and Zypkin performed 50 ex- 
periments with guinea pigs, transplanting 
cartilage from one part of the animal to 
another in the same animal. Their conclusions 
on sections examined up to one year after 
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PEER: FATE OF LIVING AND DEAD CARTILAGE TRANSPLANTS 


Fig. 4. 

Fig. 4. Alcohol preserved rib cartilage buried 18 months. 
Thin strands of host fibrous tissue are shown invading the 
cartilage between the letters A and B. There is a large area 
indicated by C where absorption of cartilage has taken 
place. This space is occupied by host fibrous tissue con- 
taining many blood vessels, giant cells, and endothelial 
cells. 

Fig. 5. Alcohol preserved septal cartilage buried 18 
months. The cartilage graft is broken up into many small 


transplantation were: (1) The cartilage re- 
tained its specific structure in all cases. (2) 
Both degenerative and regenerative processes 
occurred. (3) The cartilage, after transplanta- 
tion in soft parts, was better preserved than 


after transplantation in the skull. (4) Carti- 
lage transplanted without its perichondrium 
was better preserved than cartilage trans- 
planted with its perichondrium. (5) Free 
autotransplanted cartilage grafts form a good 
material for plastic repair. 


PREVIOUS EXPERIMENTAL WORK WITH LIVING 
CARTILAGE IN HUMANS 


Koenig, in 1896, was the first to use cartilage 
transplants in humans. He buried cartilage 
segments as wedges for the repair of partial 
destruction of the laryngeal and tracheal car- 
tilages. 

Von Mangoldt, in 1899, successfully trans- 
planted costal cartilage for support of the 
nose. 

Nelaton and Ombredanne, in 1904, buried 
costal cartilage in forehead flaps which were 
later swung down to the nose. 

Neuhof, in 1923, after an extensive survey 
of the literature concluded that simple carti- 
lage grafts, after transplantation, remain un- 
altered in appearance and in staining reaction 


cartilaginous islands by invading host fibrous tissue. One 
of these small cartilage islands is indicated by A and a 
larger mass of cartilage by B. The host connective tissue 
just outside of the cartilage graft contains numerous giant 
cells indicated at C. 

Fig. 6. Alcohol preserved septal cartilage buried 2 years. 
The cartilage graft is invaded by numerous fibrous tissue 
ingrowths. Two of these areas are indicated by A and B. 
A portion of the cartilage has been changed to bone at C. 


for many weeks; only in grafts that are several 
months old does fibrillation of the cartilage 
begin. There is a gradual death of the cartilage 
cells and they disappear ultimately. Vasculari- 
zation of the graft, and replacement by fibrous 
tissue or calcification, may occur, depending 
on the locality in which the graft is trans- 
planted. The outstanding feature in the 
histological fate of cartilage transplants is the 
long period of quiescence that precedes the 
final phase of the degeneration and substitu- 
tion. In referring to rib cartilage transplants, 
Neuhof states: ‘The cartilage is absorbed 
slowly, allowing adequate time for replace- 
ment by dense fibrous tissue that maintains 
the architecture of the graft.” He further says 
that remnants of cartilage have been found 
as long as 2 years after transplantation. 

In opposition to this viewpoint, the earlier 
work of Staige Davis, in 1917, gave clinical 
evidence of the permanence of the rib cartilage 
transplanted in the nose. 

Gillies also, in 1920, stated that no changes 
other than curvature were found in any of his 
successful autocartilage grafts, and in only a 
few of the homografts was the cartilage re- 
placed by fibrous tissue as a late sequel. Three 
years was the longest that Gillies had a graft 
under observation. Gillies buried an auto- 
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Fig. 7. Autogenous rib cartilage graft buried 6 months. 
The cartilage appears normal and is not invaded or ab- 
sorbed. 

Fig. 8. Autogenous rib cartilage graft buried 9 months. 
The cartilage which has taken a deep stain is indicated by 


cartilage graft and a fresh homocartilage graft 
beneath the abdominal skin of the same pa- 
tient. He removed both grafts after 18 
months, and on section, found the cartilage 
alive and active in both cases. The cells in 
the homograft were more vacuolated and 
showed more degenerative changes than did 
those of the autograft. The autograft appeared 
as normal adult cartilage. 


Other important contributions were given by 
Henle, Lexer, Eiselsberg, Sgambati, Schmie- 
den, Tuffier, Morestin, Gosset, Leriche, Queim, 
and Bossi. 


PREVIOUS EXPERIMENTAL WORK WITH THE 
TRANSPLANTATION OF DEAD CARTILAGE IN 
ANIMALS 


Even in the literature of over 50 years ago 
there are instances of the homotransplanta- 
tion of fixed or dead cartilage with the use of 
alcohol, heat, and other agencies as the fixing 
or killing agent. 

Prudden, in 1881, transplanted cartilage 
grafts killed by immersion in g5 per cent al- 
cohol. His results showed degeneration and 
partial absorption of all these grafts. 

Nageotte, in 1922, buried rabbit cartilage, 
fixed in alcohol, in rabbits’ ears. He found 
that the fixed cartilage lost its basophilic 
staining and promoted a metaplasia of the 
fibroblasts which surrounded it into chondro- 
blasts with the consequent new formation of 


Fig. 9. 
A and the host connective tissue by B. There is no evi- 
dence of invasion or absorption. 
Fig. 9. Autogenous rib cartilage graft buried 11 months. 
The section was photographed under low power magnifica- 
tion and shows no evidence of invasion or absorption. 


cartilage and bone. Phagocytes and fibro- 
blasts penetrated only into the open cavities 
at the periphery of the graft and in the cracks, 
which eventually gave access to the surround- 
ing host tissue cells. 

Poletini, in 1922, pursued similar experi- 
ments with cartilage fixed in alcohol. His 
sections showed penetration of fibroblasts 
and formation of connective tissue fibers 
within the cartilage where no cavities or 
cracks previously existed as a point of entry. 
He also found cartilage and bone formation 
in the vicinity of the graft. 

Nigrisoli, in 1927, transplanted calves’ car- 
tilage fixed in 95 per cent alcohol into the 
kidney and bone of guinea pigs. He removed 
his grafts from 6 days to 180 days, and found 
that the bulk of the graft survived in each 
case. Connective tissue from the host tended 
to invade the cartilage and calcifications were 
found in the grafts. Very rarely did he find 
new formed bone and cartilage outside of the 
graft. 

Didier and Guyon, in 1928, transplanted 
killed cartilage grafts in the ear, shoulder, 
and linea alba of rabbits. They observed 
grafts up to 8% months, and found calcifica- 
tion and invasion by fibroblasts from the host 
tissue. One case showed ecchondroses, and 
another case showed ossification with the 
formation of fatty marrow. Two cases showed 
a clear histological picture of bone formation. 
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Fig. 10. 


Fig. 10. Autogenous rib cartilage graft buried 18 
months. The cartilage is indicated at A and the host con- 
nective tissue at B. There is no invasion or absorption of 
the cartilage. 

Fig. 11. Autogenous rib cartilage graft buried 2 years. 
The matrix and cells appear normal and there is no evi- 
dence of invasion or absorption. 


The newer literature, while reporting the 
survival of killed cartilage transplants, em- 
phasizes the reaction of the host tissue and a 
very gradual modification of the cartilage. 
The modification included calcification and 
ossification as progressive changes, and in- 
vasion by fibroblasts with degeneration of 
the matrix as degenerative changes. These 
changes do not interfere with the survival of 
the block of cartilage up to periods as long as 
I year. 

The work here summarized, with fixed or 
dead cartilage transplants, was all performed 
in animals. The following is an account of 
transplants made in humans. 


PREVIOUS .EXPERIMENTAL WORK WITH THE 
TRANSPLANTATION OF DEAD CARTILAGE IN 
HUMANS 


The author (14) buried segments of cadaver 
septal and rib cartilage preserved in alcohol be- 
neath the chest skin of humans and removed 
them at intervals of 7 days, 8 days, 32 days, 4 
months, and 14 months. All of the grafts up 
to and including the 4 month specimen re- 
mained as tolerated dead foreign bodies. The 
14 month section showed invasion by fibrous 
tissue, partial absorption of the cartilage and 
in one area calcification or early bone forma- 
tion. The perichondrium was removed from 
these grafts before transplantation. 


Fig. 12. 


Fig. 12. Autogenous rib cartilage graft buried 4% years. 
The section shows a cortex of normal appearing cartilage 
with a cavity in the center which is partially occupied by 
strands of bone. I believe that the center of this cartilage 
graft failed to survive transplantation because of nutri- 
tional difficulties and was transformed to bone (see text). 
A represents the cartilage and B the strands of bone. 


Experimental procedure. All this work was 
performed on human beings. The experi- 
mental subjects, as in previous work with 
dermal grafts (15) were patients who under- 
went rib graft operations for the repair of 
saddle nose or skull depressions. In these 
operations it is customary to hoard excess 
rib cartilage beneath the chest skin to be 
used in case the cartilage inserted in the nose 
or scalp fails to remain in place. When the 
plastic repair is satisfactory, the excess carti- 
lage beneath the chest skin is removed and 
discarded. Segments of human costal and 
septal cartilage preserved in 50 per cent alco- 
hol for one month or more were inserted be- 
neath the chest skin as dead homografts, 
together with the hoarded rib cartilage and 
removed for examination at intervals of 6, 
9%, 14, 18, and 24 months (Figs. 1-6). 

The living autogenous rib cartilage grafts 
were obtained in a like manner with the ex- 
ception of the 41% year and 6 year specimens 
which were removed from the nose. Eight 
specimens of autogenous rib cartilage grafts 
are shown removed at intervals of 6, 9, 11, 17, 
and 18 months, 2, 41%, and 6 years. The peri- 
chondrium was removed from all of the car- 
tilage grafts before transplantation (Figs. 7- 
14). The specimens! were fixed in Zenkers 

1The sections were prepared and photographed by Mr. David J. 


McKinnon, of the Newark Eye and Ear Infirmary. Dr. Royce Paddock 
aided in reviewing the foreign literature. 
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Fig. 13, at left. Autogenous rib cartilage graft buried 444 
years. A higher magnification photograph of the 4% year 
section shows the bone at A and the cartilage at B. Note 
the abrupt change from bone to cartilage. 

Fig. 14. Autogenous rib cartilage graft buried 6 years. 
The cartilage cells and matrix appear normal. There is, 


solution, sectioned in the usual manner, and 
stained with hematoxylin and eosin and with 
Mallory’s connective tissue stain. 

Presentation of the living and dead cartilage 
grafts together is advantageous, since the 
dead grafts, which are invaded by fibrous 
tissue, serve as controls for the living cartilage 
grafts. 

Description of cadaver cartilage transplants. 
The first section buried 6 months, shows a 
septal cartilage graft with shrunken cells and 
normal staining matrix (Fig. 1). There is no 
invasion of the cartilage from the surrounding 
host tissue, and the graft is apparently exist- 
ing as a tolerated dead foreign body. In con- 
trast to this, the rib cartilage buried 9% 


months shows a beginning invasion of the 


cartilage by connective tissue, and some 
absorption of cartilage (Fig. 2). This 9% 
month specimen represents the earliest section 
in my series showing fibrous tissue invasion. 
The septal graft buried 14 months (Fig. 3) is 
separated into 2 masses by ingrowing fibrous 
tissue. New blood vessels are present in the 
invading connective tissue, and giant cells 
are scattered at intervals near eroded edges 
of cartilage. There is also an area of calcifica- 
tion, or early bone formation in the center of 
the cartilage graft. 

There are 2 specimens buried 18 months 
(Figs. 4, 5). One is rib cartilage, and the 


however, a slight penetration of fibrous tissue into the 
edge of the cartilage. This cartilage graft was scraped with 
a scalpel before insertion in the nose, and I believe that the 
fibrous tissue merely occupies the small depressions in the 
cartilage resulting from this scraping. Surrounding connec- 
tive tissue is in close contact with cartilage. 


other septal cartilage. Both of these grafts 
show invasion by fibrous tissue and partial 
absorption. The oldest section (Fig. 6), buried 
24 months, is septal cartilage, and also shows 
invasion by fibrous tissue and absorption. 
There is a small area of bone formation along 
one edge of the graft which probably repre- 
sents altered cartilage, since lacune can be 
demonstrated in the calcified substance. 
Numerous small cavities are present in the 
cartilage occupied by giant cells, large endo- 
thelial cells, fibroblasts, and blood vessels. 

Summary of findings in pickled cartilage 
grafts. The grafts remain, after transplanta- 
tion, as tolerated dead foreign bodies for 
about 9% months. From this time on, the 
surrounding host tissues invade the foreign 
cartilage, and very slowly absorb portions of 
the cartilage. This process, however, is very 
gradual and the bulk of the graft is still pres- 
ent 2 years after transplantation. The 14 
month and 2 year specimens showed areas of 
calcification or early bone formation. 

Description of living autogenous rib cartilage 
transplants. The 5 sections buried from 6 
months to 2 years all appear as normal living 
cartilage (Figs. 7-11). They are surrounded 
by a dense connective tissue capsule and 
there is no evidence of invasion or absorption 
of the cartilage by the surrounding host 
tissue. 
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The specimen, buried 4% years (Fig. 12), 
shows a large segment of normal appearing 
cartilage with a free space in its central por- 
tion. A part of this central space is occupied 
by bone which extends lengthwise through 
the center of the graft, and at one point com- 
municates with the surface at the side of the 
graft. I believe that this condition occurred 
the following way; after transplantation of a 
large block of cartilage, the peripheral por- 
tions of the cartilage are able to obtain better 
nourishment from the surrounding tissues 
than the more remote central portion. The 
central portion, therefore, becomes devital- 
ized, or actually dies from lack of nutrition, 
and is transformed into bone. The bulk and 
shape of the cartilage graft is not changed, 
and the peripheral portion of the graft, which 
obtains adequate nourishment, remains as 
living cartilage. The bone formation, there- 
fore, represents a degeneration at the core of 
the graft, where the cartilage failed to survive 
because of nutritional insufficiency. The speci- 
men of cartilage buried 6 years (Fig. 14) 
appears as normal living cartilage with no 
evidence of fibrous tissue invasion or absorp- 
tion. The surrounding connective tissue is in 
close contact with the cartilage and on one 
side gives the appearance of slightly pene- 
trating the external surface of the cartilage. 
This cartilage graft, however, was scraped 
with a scalpel before insertion in the nose; 
and I believe that the surrounding host tissue 
merely occupies the small depressions formed 
in the cartilage by the scraping of its external 
surface. The failure of the host connective 
tissue to penetrate more deeply at these 
favorable entry points is further evidence of 
the surviving power of autotransplanted rib 
cartilage. 


SUMMARY OF FINDINGS IN AUTOGENOUS RIB 
CARTILAGE GRAFTS 


The cartilage grafts buried from 6 months | 


to 2 years, showed no evidence of invasion by 
fibrous tissue or absorption. 

The graft, buried 4% years, appeared in 
the form of a cylinder of living cartilage, with 
bone formation in the center. I believe that 
this bone formation at the core of the graft 
represents a degeneration of cartilage which 
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failed to survive transplantation because of 
nutritional difficulties. 

The segment buried 6 years appeared as 
normal living cartilage. The host connective 
tissue on one side of the graft slightly pene- 
trated the edge of the cartilage and this may 
represent beginning invasion. The cartilage 
graft, however, was scraped with a scalpel 
before insertion in the nose, and I believe 
that the surrounding host tissue merely 
occupies the small depressions formed in the 
cartilage by the scraping. 


CONCLUSIONS 


1. The dead cartilage grafts buried from 
9% months to 2 years showed progressive 
invasion by fibrous tissue and partial absorp- 
tion. In contrast to these findings autogenous 
rib cartilage grafts showed no invasion or 
absorption over the same period of time. 

2. Two late autogenous rib cartilage grafts 
buried 4% years and 6 years appeared as 
living cartilage. 

3. From the evidence found in these sec- 
tions one may conclude that autogenous rib 
cartilage survives after transplantation as 
living cartilage and, up to periods as long as 
6 years, neither increases nor decreases in size. 

4. Autogenous rib cartilage is better mate- 
rial for plastic repair than dead, pickled car- 
tilage. 
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Ureterocele in 
diverticulum 


Fig. 2. (Case 9). Ureterocele in a diverticulum of the urinary bladder. A, Ureterocele seen 
during the time of ejaculation protruding in a balloon shape with its minute ureteral orifice 
at the edge and lying in front of the trigone of the bladder. The ureteral orifice on the opposite 
side of the trigone is normal in shape, size, and position. B, The same case showing the diver- 
ticulum of the urinary bladder during systolic contractions of the ureter, in which the balloon 
of the ureterocele has been retracted inwardly and the ureterocele hides from its normal 
protruding position in the bladder. 


The Modern Surgical T realment of Ureterocele.—Robert Gutierrez 
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THE MODERN SURGICAL TREATMENT OF URETEROCELE 
ROBERT GUTIERREZ, A.B., M.D., F.A.C.S., New York, New York 


OR the practising urologist there is no 

subject of greater interest and impor- 

tance than a knowledge of the surgical 

anomalies of the ureter commonly met 
with in everyday urological practice. Some of 
these anomalies may affect function little if 
at all during the early years of life, yet at a 
later period may become a source of disease 
and misery to the patient; their true nature 
may remain unrecognized by the general sur- 
geon or practitioner, symptoms may mislead 
in diagnosis, unnecessary and irrelevant op- 
erations be performed, and neglect of the true 
condition even lead to a fatal outcome. It is 
thus evident that the early recognition and 
treatment of such an anomaly as a ureterocele 
is a matter of vital importance. 

It cannot be too often repeated that in all 
cases of urinary disturbance in which the 
symptoms are obscure, as is frequently the 
case in attacks of pain in the kidney, bladder 
or ureter, with urgency, frequency, dysuria, 
and polyuria of unknown causation, as well as 
in cases in which urinalysis reveals the pres- 
ence of pus, blood, or bacteria, a cystoscopic 
examination with urographic studies is indis- 
pensable. The data thus obtained may at once 
reveal that the cause of the trouble lies in 
some hitherto unsuspected anomaly of the ure- 
ter at the point where it opens into the bladder. 

Not the least interesting of the pathological 
findings that may be brought to light by the 
cystoscope is the ureterocele, often spoken of 
as the cystic dilatation of the ureter in its 
intravesical portion. The discovery of patho- 
logical changes at this point may promptly 
account for symptoms higher up in the urinary 
tract, such as pain in the kidney region, hem- 
orrhage, suppuration, colic, associated with 
crises of pyelitis and pyonephritis, with chills 
and fever. Urographic examination in such 
cases may disclose urinary stasis with hydro- 
ureter and hydronephrosis." 


1Gutierrez, R. In: Cabot’s Modern Urology, 3d ed., vol. 2, 
chap. XI, pp. 374-509. Philadelphia: Lea & Febiger, 1936. J. 
Am. M. Ass., 1936, 106:183-189. 


The picture presented by this so called 
cystic dilatation is so characteristic that it can 
seldom be mistaken or confused with any 
other pathological condition. It thus furnishes 
the most striking proof of the value of early 
cystoscopic and urographic diagnosis, since 
the surgical removal of this obstructive ure- 
teral swelling is now generally accomplished 
quite easily, if taken early, making it possible 
to save, by modern conservative treatment, 
many a kidney that would in the past have 
been sacrificed through incorrect diagnosis 
and consequent neglect. 


DEFINITION 


By the term ureterocele is understood the 
cyst-like formation that arises when the vesi- 
cal end of the ureter, usually after an ab- 
normally long course through the mucosa, 
becomes stretched out into an abnormal dila- 
tation as the result of narrowness of the orifice, 
or a congenital or acquired stenosis of the 
orifice has led to such a dilatation of the ureter 
within the bladder. The outer covering of 
such a formation is composed of bladder mu- 
cosa, which makes it easily distinguishable 
from the relatively rare and insignificant pro- 
lapse of the ureteral mucosa into the bladder, 
an eversion of ureteral mucosa through the 
ureteral orifice, in which case the covering 
membrane is clearly of another character, 
ureteral, not vesical. In the early cases re- 
ported this distinction appears not to have 
been made. 

The form and size of the sac constituted by 
the dilated end of the ureter may vary widely, 
the simplest form being that of a balloon that 
protrudes during ejaculations, with an open- 
ing at its tip, which is the orifice of the ureter, 
herniating forward into the bladder. The 
various authors report cysts from the size of a 
hazelnut to that of an orange, or even 5 to 6 
centimeters in length; in infants they have 
sometimes filled the entire bladder. These 
ureteroceles may be round, elongated, or flat, 
and may be either open or closed. If small, a 


611 


612 


ureterocele may have no effect upon the pas- 
sage of urine, or may announce its presence 
only when the bladder, in contracting, presses 
the little tumor against the internal ureteral 
orifice. But if the dilatation of the ureterocele 
reaches the vesical orifice or the internal ure- 
thral orifice, it will act like a valve or an ob- 
struction of a median lobe of the prostate, and 
will cause retention and other definite urinary 
disturbances. The entire upper urinary tract 
is then liable to suffer through back pressure 
and infection due to the hydraulic retention of 
urine. While in simple cases taken early, 
treatment may be accomplished by way of the 
urethra, in the more advanced and neglected 
cases removal of the entire ureter and kidney 
by a total ureteronephrectomy may become 
necessary. 

The purpose of this paper, therefore, is two- 
fold: first, to call attention to the importance 
of this clinico-anatomo-pathological entity, as 
well as to the variety of modern surgical prob- 
lems that have been so greatly misunderstood 
in the past on account of the mixed symp- 
tomatology, the lack of proper diagnosis, and 
the absence of any standardized type of treat- 
ment; and second, to report, at the same time, 
a series of 18 cases of ureterocele which the 
author has had the opportunity to diagnose 
and treat and which have served as the basis 
of this study. All of these cases have been 
observed by the author personally and col- 
lected from his office files, 8 of them having 
been private cases diagnosed and treated by 
electrofulguration and cystoscopic manipula- 
tions at the office, while the other 10 cases 
were observed and treated by him in the 
clinics of three New York hospitals. 


HISTORY AND LITERATURE 


Like other anomalies of the urinary tract, 
the earliest findings of ureteroceles were made 
at autopsy. Lechler, in 1834, was the first 
author to give a clear account of such a struc- 
ture, which, however, he and the attending 
surgeon mistook for a double bladder. This 
case was in a 3 months old infant, who, after 
several attacks of screaming pain, one of 
which was observed to have ceased abruptly 
_ when external manipulation caused sudden 
ejaculation of urine, died within a few days 
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of what was believed by the surgeon to be 
peritonitis. Autopsy revealed, however, no 
indications of any peritoneal inflammation but 
showed that within the bladder of the child 
and filling its whole cavity was a “second 
bladder,” highly inflamed, upon the lower sur- 
face of which could be seen, close to the true 
bladder neck, the orifice of the ureter. “‘The 
inner bladder,” says Lechler, ‘“‘was a forma- 
tion peculiar to itself, for it alone was inflamed, 
and no other organ, not even the mucous mem- 
brane of the bladder, took any part in it.” It 
is of interest to note that in this case, as in 
many other cases of ureterocele since reported, 
there were other congenital malformations, 
the left kidney being twice the size of the 
right, and being drained by 2 ureters, both of 
which had undergone torsion. 

Englisch, in 1898, was the first investigator 
to delve into the subject and bring to light, 
not only the case of Lechler, which was buried 
in ancient archives, but also some 14 others, 
to which he added one case of his own. In 6 of 
the 15 cases that he collected the ureter was 
blind, in 9 it was patent. In practically all of 
these cases it was reported that other anoma- 
lies existed. Among them was the case of 
Lilienfeld (1856) in a man of 65, in which the 
dilatation was referred to as “‘a second bladder 
which projected into the lumen of the ure- 
thra.”” Wrany’s case (1870) was in a little girl 
in whom the left kidney had 3 hilums and 3 
ureters, one of which, corresponding to a sin- 
gle calyx, bulged out into the bladder in a sac 
the size of a hazelnut. Weigert (1886) reported 
2 cases, in one of which the subject was a 
stillborn male infant with a cleft palate and 
harelip, as well as supernumerary fingers on 
both hands; the right ureter formed the ureter- 
ocele, while the left emptied into a seminal 
vesicle. Other early cases in Englisch’s collec- 
tion were those of Bostroem (3 cases) in 1884, 
Geerdts in 1887, Caillé in 1888 and Grosglik 
(1898). Freyer in 1897 found 2 stones in one 
such ureter, and was the first to suggest, in a 
report to the Royal Society, that calculi might 
be the primary cause of such a dilatation. 

Lipmann-Wulf in 1898 appears to have 
been the first to observe such a case cysto- 
scopically, but he called it a tumor of the 
bladder, until he found at operation that it 
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was a cystic dilatation of the ureter. Grosglik 
in rgor first correctly diagnosed a ureterocele 
through the cystoscope. Cohn in 1904 was the 
first surgeon to carry out an open operation on 
the basis of a correct cystoscopic diagnosis. 

An important thesis on the subject was 
written in 1913 by Marmier, who in a study 
of 42 cases found 38 that showed evidence of 
stenosis of the ureteral orifice. Some of these 
cases, from Albarran, Pasteau, Bazy and oth- 
ers, are discussed in detail. 

In these radio-urographic days with more 
modern means of investigation, additional 
progress has been made in the clinical diag- 
nosis of ureterocele, the presence of which can 
now easily be discovered in a good intravenous 
urogram, where the cystic dilatation of the 
intravesical portion of the ureter may be seen 
as a filling defect in the cystogram. 

There is no doubt of the definite progress 
that has been made in recent years concerning 
the treatment and prognosis of this clinico- 
urologic entity, particularly since Edwin Beer 
in 1910 introduced the use of the Oudin high 
frequency current for the electrofulguration 
treatment of vesical tumors. In later years 
this ideal method has been applied with even 
greater success to the prevention and correc- 
tion of ureterocele, as well as of other ob- 
structing conditions of the lower urinary 
tract. 

As regards terminology, we find that blad- 
der cyst or even double bladder was the cur- 
rent expression in the earliest cases. It was 
Englisch who in 1898 introduced the term 
“cystic dilatation of the vesical end of the 
ureter,” an’ expression which, however cum- 
bersome, obtained the greatest vogue, espe- 
cially in Germany and France. Certain authors 
(Fenwick, Blum), however, have pointed out 
that the name cyst is misleading since the 
dilatation has not the structure of a true cyst. 
Fenwick (1903) proposed that the term “bal- 
looning of the ureter” be adopted as the most 
suitable. Blum, who reviewed the literature 
up to 1920, by which time 100 cases had been 
reported, states that “intravesical prolapse 

1Gutierrez, Robert. Transurethral treatment of bladder neck ob- 
structions. Endoscopic prostatic resection. In: History of Urology, 
vol. II, chapter V, 137-186. Baltimore: Williams and Wilkins Com- 
ey Surgery of the seminal vesicles, ampulle and vasa deferentia. 


n: Oxford Loose-Leaf Surgery, vol. III, Pt. 2, pp. 301-509 New York: 
Oxford University Press, 1935. 


of the ureter” was a favorite name, the dif- 
ferentiation between such prolapse and a 
ureterocele not having yet been clearly made. 
The name wreterocele was first used by Leshnew 
in 1912, and that of intermittent ureterocele by 
Ottow in 1914. Kotzenburg (1914) spoke of 
ureteral cysts, and Pleschner (1917) of “phi- 
mosis of the ureter.” The superior value, 
however, of a single word like ureterocele, to 
express so characteristic a formation as this 
disease entity, is obvious, not to mention the 
greater descriptive accuracy of this term. 


CLASSIFICATION 


In making a study of ureterocele, we cannot 
fail to note the number of different types that 
have been observed and reported in the litera- 
ture. All these are in reality the expressions 
of a single disease entity, the difference being 
that in some the pathological condition is 
more advanced than in others. In other 
words we must believe that, just as in tumors 
of the bladder, the growth begins with a small 
excrescence like a pearl upon the bladder wall, 
at the orifice of the ureter, and that this mi- 
nute structure gradually, as the result of infec- 
tion, exaggerated hydraulic pressure or other 
pathological condition, progresses to the stage 
of a dilatation of much larger dimensions and 
takes on a cystic character. This hydraulic 
and cystic dilatation of the intravesical por- 
tion of the ureter is in many cases the result 
of a congenital malformation or obstruction 
at the ureteral orifice, which sooner or later 
will produce a, definite interference with the 
proper drainage of the kidney and ureter. 
Some of these ureteroceles reported in the 
literature, as well as some observed by the 
author himself, have been as large as an or- 
ange, occasionally even occupying the whole 
bladder. 

We think, therefore, that it may be useful 
to classify ureteroceles according to these dif- 
ferent clinico-pathological stages and to point 
out the variations which they may exhibit; 
since not all develop along precisely the same 
lines, owing to the variety of factors that play 
a part in their formation. Thus, some of them 
may never result in any hydronephrosis at all. 
Others, in which the lesion is not discovered 
until a late stage has been reached, may go so 
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Fig 1. Classification of the most common varieties of ureterocele: A, simple uni- cele 

lateral ureterocele; B, simple bilateral ureterocele; C, bilateral ureterocele containing urin 

stone and producing complete retention of urine in a female; D, ureterocele prolapsing level 

through the urethra and protruding beyond the urethral meatus, commonly observed urets 

in females; E, ureterocele with minute ureteral orifice producing urinary stasis with 

marked hydro-ureter and hydronephrosis, representing the final stage of the obstruct- ureti 

ing type of uropathology of the upper urinary tract; F, ureterocele with reduplication an a 

of the ureters and kidney pelves, with hydro-ureter and hydronephrosis. this 

far as to produce functionless hydro-ureters I have accordingly collected nine different der, 
and hydronephrosis. In such cases it is too types which will illustrate some of the more to fe 
late for any conservative procedure to save common varieties that I have had occasion to In 
the damage resulting in a kidney which might _ see in the routine course of urological practice, thre 
have been restored to usefulness if the condi- and which are met with in the literature. serve 


tion had been recognized earlier. These are shown in Figures 1, 2, 3, and 4. and 
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Hypertrophic 
kidney 


Blind ureterocele 
Fig. 3. Drawing from radio-urographic films and cysto- 
scopic data of Case 8, showing a blind left ureterocele, with 
complete calcification of the corresponding functionless left 
kidney. 


Figure 1 comprises 6 of these, as follows: A, 
Simple unilateral ureterocele. B, Simple bi- 
lateral ureterocele. These two forms may be 
observed at any age and in either sex, and are 
the commonest of all. C, Ureterocele balloon- 
ing inside the bladder and containing a stone. 
This may cause complete retention, as oc- 
curred in one of the cases herewith reported. 
D, Ureterocele prolapsing through the urethra, 
and protruding beyond the meatus—a type 
that has recently been stressed by Grandineau, 
Davis and Owens, Campbell, Laffitte, Boeckel 
and others. These last two types are more 
commonly observed in females, because of the 
shortness of the urethra. E, Ureterocele with 
hydro-ureter and hydronephrosis—an ad- 
vanced stage caused by the ureterocele ob- 
structing the mouth of the ureteral orifice and 
interfering with normal drainage. F, Uretero- 
cele in an anomalous condition of the upper 
urinary tract, in which 2 ureters open at the 
level of the ureterocele, producing hydro- 
ureter and hydronephrosis in a case of double 
ureter and double kidney, thus constituting 
an anomaly in a twofold sense. In cases of 
this type of anomaly, sometimes one of these 
double ureters opens normally into the blad- 
der, while the other independently herniates 
to form a ureterocele. 

In addition to this group of six, there are 
three other types not quite so frequently ob- 
served, which are illustrated in Figures 2, 3, 
and 4. In the first of these, the ureterocele 


Fig. 4. Ureterocele in a female child who was admitted 
to the hospital in uremia. Postmortem examination showed 
the enormous size of the ureterocele blocking the entire 
passage of urine, thus producing hydro-ureter and hydro- 
nephrosis. This fused type of megalo-ureterocele gives the 
impression of having loosened the entire mucosa around 
the area of the trigone of the bladder, causing this to pro- 
trude through the urethra in a ballooned cyst-like shape. 
This case also illustrates duplication of ureter and kidney 
pelvis on one side with bilateral pyo- -uretero-hydrone- 
phrosis. (Modified drawing after Campbell. )_ 


opens into a diverticulum of the urinary blad- 
der in such a way that the ureteral orifice 
debouches within the fundus of the divertic- 
ulum, occupying one angle of the trigone (see 
Fig. 2, Aand B). Here the ureterocele, clearly 
showing the ureteral orifice on its tip, balloons 
from the diverticulum into the bladder during 
ejaculation or upon rhythmic contractions of 
the ureter, or during inspiration and expira- 
tion, when it can be observed cystoscopically 
as it alternately appears and disappears. We 
reported this type of case in 1928 in connec- 
tion with 55 cases of diverticulum of the 
urinary bladder and have had the opportunity 
more recently of seeing another case of the 
same type. The next type is the blind ureter 
forming a ureterocele such as has been re- 
ported in the literature by Englisch, Kelly, 
Papin, Dourmashkin, Chivella and others, 
and of which I have seen one case, in an 
elderly female patient, in whom there was also 
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complete calcification of the functionless cor- 
responding kidney (Fig. 3). Finally, there is 
a fused type, or megalo-ureterocele, in which 
the bladder mucosa in the area of the trigone 
is loosened up and forms a single balloon, like 
a bladder inside of another bladder, in which 
the mouths of the anomalous ureters are 
found, and which has herniated through the 
lumen of the urethra (Fig. 4). 

We see, therefore, that although the condi- 
tion known as ureterocele is anatomopatho- 
logically a unit, a single entity, it can, never- 
theless, be subdivided and classified according 
to these different clinical types. Such a classi- 
fication will emphasize the importance of a 
condition which, if left untreated in its earlier 
stages, may lead even to grave disintegration 
of the kidney itself and in some instances to 
fatal uremia. 

From a histological point of view, it is pos- 
sible to establish a further classification into 
a mucous and a muscular type. The sac of the 
ureterocele may be formed simply of vesical 
and ureteral mucosa and submucosa, in which 
case we may speak of a mucous type. Or there 
may be present a layer of muscular fibers, 
sparse or occasionally abundant, in which case 
we.may refer to a muscular type. The mucous 
type is the more commonly observed, in the 
author’s experience. 


ETIOLOGY 


The pathogenesis of ureterocele has been 
widely discussed, and the most divergent 
opinions have been expressed with reference 
to the origin of these cystic dilatations. 

The theories for a long time turned largely 
about the question whether they were con- 
genital or acquired; whether the stenosis at 
the ureteral orifice which characterizes nearly 
all ureteroceles has its origin in embryonal life 
and is the result of a malformation arising in 
the early stages of gestation, or whether it is 
an acquired condition, secondary to some in- 
flammatory condition, or due to calculus for- 
mation or infection reaching the ureteral 
orifice from some other part of the genito- 
urinary system or even from a distant focus 
elsewhere in the organism. 

The classic arguments for a congenital ori- 
gin are: (1) the relative frequency with which 


ureterocele has been discovered in the very 
young; (2) the tendency of the condition to 
be bilateral; (3) the frequency with which 
other concomitant anomalies of the urinary 
tract are observed. While most ureteroceles 
are probably of congenital origin, there jis 
nevertheless complete evidence that they may 
occasionally be acquired. Among grounds for 
the belief in such acquired origin is the familiar 
observation that, at any stage of life, cystitis 
may, by its gradual infiltration of the mucosa 
of the bladder and lower end of the ureter, 
produce enough scar tissue about the ureteral 
orifice to provoke stenosis, thus creating at 
least one of the prerequisites for ureterocele 
formation. Many authors hold the view that 
inflammatory disease of the upper urinary 
tract, including stone formation and various 
infections, stands in a causal relation to 
ureterocele. It is a moot question today, how- 
ever, whether these are the causes or the result 
of the narrow opening and the ballooning of 
the ureter into the bladder. 

Among the works of early writers on the 
subject we find ureterocele attributed to vari- 
ous causes, among which may be mentioned: 
(1) A gluing together of the walls of the 
ureteral orifice in fetal life, resulting in steno- 
sis, or, in rare instances, in complete closure, 
a “blind ureter,” of which Dourmashkin has 
found 25 in the literature. (2) An adhesion 
of the ureter under the blind ending in the 
bladder wall—a view which is supported by 
the fact that the deformity frequently affects 
only one side. (3) A hypoplasia of the bladder 
and ureteral mucosa at the orifice of the 
ureter. (4) An abnormally long submucous 
course of the ureter. (5) A vertical course of 
the ureter through the bladder wall instead 
of the normal oblique course. (6) An ab- 
normal mobility and malformation of the 
trigone. It has been argued by several authors 
that the increased pressure in such a ureter 
meets less resistance on the part of the bladder 
musculature than it would if it entered in the 
normal oblique direction; that in the latter 
case the physiological tension of the muscu- 
laris is sufficient to withstand the increased 
pressure and to prevent a dilatation at its 
lower end. In other words, the portion of the 
ureter that passes along immediately under 
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by 


Hydroureter 


Ureterocele 


Fig. 5. Theoretical pathogenesis of ureterocele. The anatomopathological concep- 
tion of the different steps in the mechanical formation of the ureterocele. A, The ureter 
with its minute orifice piercing the bladder wall, with the dotted lines representing the 
first stage of the loosening up of the mucosa of both the ureter and the bladder, during 
ejaculation. B, C, and D, the successive stages by which the ureterocele gains in size 
and balloons into the bladder. D reveals the degree of obstruction and back pressure 
which ultimately produce hydro-ureter and hydronephrosis. 


the mucosa for a long distance, or perhaps in 
the submucosa, would remain outside the 
sphere of action of the vesical musculature; 
it would therefore give way more easily to the 
pressure within the ureter and so become 
projected with its mucosa into the bladder as 
a ureterocele (Fig. 5). It would then go with- 
out saying that the cyst would grow con- 
stantly bigger and bigger and extend chiefly 
in the direction of the trigone, where it meets 
the least resistance. 

If we assume with Grosglik a blind or nearly 
blind end to the ureter, due to a gluing to- 
gether of the epithelium in early life, it is 
evident that the first result of urinary stasis 
in the upper segment will be dilatation of the 
ureter. The greatest injury will occur in the 
portion of the ureter behind the bladder, since 
this is only loosely connected with its sur- 
roundings and offers the least resistance to 
increased pressure. With reference to the ef- 
fects on the 3 coats of the ureter, the changes 
occurring in the submucosa will be less than 
those in the mucosa, and those in the mus- 
cularis will be least of all, due to its resistance. 
The result will be a dilatation behind the 
bladder, a protrusion between the muscularis 
and mucosa, into the bladder, both of these 
parts being bound together and running 
through the muscularis itself. Thus, the ureter 
will assume the form of an hourglass, bal- 
looned behind and before, but contracted at 
just the place where the muscularis is pierced 


by the-canal. The greater the resistance of 
the muscularis, the closer will be the contrac- 
tion and the narrower the orifice. 

Gottlieb, in a comprehensive article based 
on the careful study of 5 cases of his own and 
a critical analysis of 100 cases collected from 
the literature, points out that stenosis or 
stricture alone could not start a ureterocele; 
for if this were the only cause, the condition 
would be very much more common than it is. 
It would appear that there must be a general 
inferiority (congenital) of the connective tis- 
sue, and especially that of Waldeyer’s sheath, 
of the ureter; that an abnormally narrow ori- 
fice, alone, causes retrograde dilatation; while 
weakness of Waldeyer’s sheath, alone, causes 
herniation of the ureter; but that neither of 
these factors alone can make a ureterocele. 
Two factors are needed. A constitutional in- 
feriority of the muscle fibers would be con- 
genital. A stenosis might be either congenital 
or acquired, as through inflammation, stone, 
or tumor. 

Chwalle studied ureteral buds in 3 month 
embryos, and described one in particular in 
which he found indications pointing to a con- 
genital origin of ureterocele. Papin is very 
sure that the condition is always congenital, 
and states that a ureterocele is only the lower 
segment of a hydro-ureter for which stenosis 
at the ostium is necessary. Dardanelli regards 
a ureterocele as a sort of hernia. He says that 
it is not merely a complication of hernia, but 
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that it is a hernia sui generis, with a symp- 
tomatology all its own; and that the perito- 
neum, being in some cases very mobile and 
slippery, causes the ureters to take a curved 
lateral direction toward the end of their 
course, resulting in their displacement into 
the bladder. In the report of 13 cases Blumer 
found 1o of true congenital origin, of which 
5 died of urinary infection in childhood. 
O’Conor and Johnson, in a recent study of 
19 cases of ureterocele, concluded that this 
lesion was not due to an obstruction in the 
extramural portion of the ureter, nor was it 
due to atony of the ureteral wall, but to a 
combination of a congenital or developmental 
narrowing of the ureteral orifice, along with a 
congenital weakness of the connective tissue 
and muscular elements surrounding the ure- 
teric meatus. Lavandera meets the objection 
of those who say that if these cysts were con- 
genital they would appear earlier, by the re- 
minder that the wear and tear of life as old 
age approaches causes congenitally defective 
organs to show weaknesses that did not appear 
in earlier years. Caulk is of the opinion that 
many ureteroceles are acquired, and that they 
are not infrequently secondary to inflamma- 
tory processes, such as those occasioned by the 
passage of stones or by ulcers in this region, 
or that they develop from ureteritis due to a 
renal lesion, such for example as tuberculosis. 
Another cause might be the faulty reimplanta- 
tion of the ureter after a ureterovesical anas- 
tomosis. Petillo holds the view that adhesions 
between the seminal vesicles and the ureter 
or between the broad ligament and the ureter 
cause a paralysis of the lower end of the ureter 
with subsequent loss of contractile power in 
this segment, which in turn results in dilata- 
tion and protrusion into the vesical lumen. 
It seems rather evident that both the two 
factors of stenosis and muscular weakness 
taken together lie at the foundation of uretero- 
cele. The normal physiological action of the 
ureteral musculature is impaired by this ana- 
tomical weakness. Pyeloscopic studies of the 
upper urinary tract have revealed the con- 
tinuous peristaltic waves that are present in 
‘the normal ureter. Any weakness or malfor- 
mation in the intramural portion of the ure- 
teral musculature would interfere with this 
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physiological dynamism and invite formation 
of a ureterocele. 

The accompanying drawing shows the sev- 
eral stages by which a ureterocele would be 
formed as it is theoretically explained (Fig. 
5). The longitudinal muscular fibers supply- 
ing the ureter are diverted to right and left 
like a fan at the point where the ureter enters 
the vesical wall, leaving a weak spot in the 
bladder wall even in the normal individual. 
Given a muscular tissue of inferior constitu- 
tion, with few longitudinal fibers, or even none 
at all in certain cases, we have a ureteral wall 
composed almost solely of mucosa and sub- 
mucosa. Such a canal easily falls a prey to 
dilatation and hernia as the peristaltic action 
above exerts continuous hydraulic pressure 
downward into the bladder. 

The pathogenesis of ureterocele as a disease 
entity may, accordingly, be summed up by 
saying that it is quite similar to that of 
diverticulum of the urinary bladder, and that 
it has much of both the congenital and the 
acquired factors in its origin. The paramount 
factors in the formation of ureterocele thus 
appear to be: (1) the congenital narrowing of 
the intravesical portion of the ureter; (2) con- 
genital weakness or absence of the longitudinal 
muscle fibers of the terminal portion of the 
ureter, resulting in abnormal mobility of the 
trigone; (3) loosening up of the vesical mucosa 
at the point where the ureter enters the blad- 
der; (4) disturbances of dynamism and hy- 
draulic pressure within the ureter; (5) lack of 
drainage due to obstruction in the lower 
ureter; (6) presence of infection or other con- 


_ comitant pathological lesions of the ureter and 


bladder. 

Finally, we cannot overlook the fact of the 
important réle played by other anomalies of 
the ureter in the causation of ureterocele, as 
is clearly evident in cases in which ureteroceles 
are formed from an ectopic or supernumerary 
ureter which opens anywhere in the bladder 
or urethra. Nor can we ignore the fact that 
cases of ureterocele in double ureters and dou- 
ble kidney pelvis with hydro-ureter and hydro- 
nephrosis in one of the two ureters, are quite 
commonly observed (Fenwick, Kolisko, Lil- 
ienfeld, Caillé, Neelsen, Bostroem, Englisch, 
Gutierrez, Campbell, Lazarus, Muschat, 
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Young, and many others). All these associ- 
ated congenital malformations of the ureters 
prompt us, therefore, to consider the rdle of 
the anomalous ureter as an important factor 
in the pathogenesis of ureterocele. 


PATHOLOGY 


In the beginning stages a ureterocele is 
usually such a slight lesion that nothing is 
observable beyond an insignificant dilatation 
of the intravesical portion of the ureter, and 
there are no symptoms to call attention to its 
existence. Such a ureterocele would, there- 
fore, be an accidental finding during routine 
cystoscopic examination, at operation, or au- 
topsy, of the presence of which the patient 
had been wholly unaware. In other cases, 
however, there are very severe disturbances 
of the entire urinary system. Clinically there 
may be dysuria, frequency of urination, 
“colic,” ureteritis, pyelitis and pyelonephritis; 
or difficult and painful micturition, with 
chronic total or partial retention, or again, 
under conditions that reduce tension, such as 
lying down, there may even be incontinence. 

The position of the ureterocele in the blad- 
der has much to do with the severity of the 
symptoms. If it is small and lies relatively 
far back from the bladder neck, and is limited 
to one-half of the trigone, there may be no 
urinary disturbances. If, however, it is so 
placed that the stenosis of the ureteral orifice 
is of high degree or if the pull of the abnor- 
mally pedicled ureter from time to time causes 
temporary complete abolition of its lumen, 
there occurs, first, a urinary stasis in the por- 
tions of the urinary tract which lie above the 
obstruction, which results in a dilatation of 
the upper ureter and the renal pelvis. If neg- 
lected, this stagnation will in course of time 
lead to an enormous extrarenal hydrone- 
phrosis and, of course, a corresponding hydro- 
ureter. However, in some cases, in which the 
pressure within the ureter and the kidney 
pelvis is very strong, and yet the pelvis has 
not the capacity to yield outwardly by a dila- 
tation, the result is a hydronephrotic atrophy 
of the kidney parenchyma, through which the 
kidney is converted into a huge thin-walled 
sac, constituting an intrarenal hydronephrosis 
or pyonephrosis. As the ureterocele is espe- 


cially prone to develop in a urinary system in 
which there are double ureters, it not infre- 
quently happens that a dilatation appears in 
one of the duplicate organs that drains only a 
portion of the kidney from which it proceeds. 
In such case only that portion of the kidney 
will dilate, and the other part of the kidney 
may remain in a sound condition, at any rate 
for a long time. 

In very far advanced cases, if the uretero- 
cele has reached a high degree of dilatation 
and assumed a considerable size, then the 
process as a rule not only has an injurious 
effect on the entire upper urinary tract of that 
side but will also occasion changes within the 
bladder. The natural course of the growth of 
the ureterocele is along the trigone into the 
region of the internal neck of the bladder. In 
addition to this, it happens that the abnor- 
mally lengthened submucosal course of the 
ureter always brings it into a rather close 
proximity to the internal vesical orifice. If it 
has grown so far as to reach this, difficulties 
in emptying the bladder at once arise. The 
ureterocele lies over the bladder outiet like a 
valve, and, acting like a foreign body, causes 
the patient to suffer from edema and polyposis 
of the vesical orifice, cystitis with increasing 
urgency, dysuria, and bladder tenesmus. 

In extreme cases an attack of complete re- 
tention may occur, which may again disappear 
if the cyst shrinks or bursts, only to reappear 
according to changes occurring in the latter. 
But there may also be all grades of incomplete 
retention and residual urine, associated with 
painful urinary disturbances. The bladder 
wall always shows, and usually quite early, a 
trabecular muscular hypertrophy representing 
a compensation for the enormously increased 
work on the part of the detrusor muscle, in- 
creased by dysuria. 

If the ureterocele extends so far that the 
orifice of the healthy ureter is compressed and 
becomes closed upon contraction of the blad- 
der, then a high grade stagnation of urine 
occurs in the other kidney also, which may in 
very advanced cases lead to complete anuria. 
Such cases are not very infrequent in the 
literature, so that despite unilateral formation 
of the ureterocele, a high grade hydrone- 
phrosis may develop on the other side as well. 
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Fig. 6. Schematic drawing from Case 4 illustrating a 
right ureterocele complicated with stone and multiple 
prostatic calculi. Diagnosed cystoscopically and treated 
satisfactorily by simple fulguration of the meatus of the 
ureterocele and further cystoscopic treatments with dilata- 
tions of the ureters and kidney pelvis lavage. 


As soon as the factor of infection is added 
to the renal and ureteral stasis, the entire pic- 
ture changes quite radically, and we observe 
signs of acute and chronic cystitis, ureteritis, 
and pyelitis. Conditions that are at first sim- 
ply catarrhal may then turn into very severe 
inflammations, accompanied by hemorrhagic 
and ulcerative complications. From simple 
dilatation of the ureter and kidney pelvis 
there may arise the worst forms of pyelitis and 
pyonephrosis. In some instances, for lack of 
drainage and due to infection, stones are 
readily formed in the ureterocele (Fig. 6). 

In some cases chronic masked forms of 
mucosal inflammation and bulbous edema are 
found, upon cystoscopic and macroscopic ex- 
amination, to be cases of chronic cystitis 
accompanied by glandular and follicular in- 
volvement. This chronic inflammatory con- 
dition of the bladder mucosa inevitably proves 
eventually a source of contamination of the 
sound kidney, through vesico-ureteral reflux, 
so that the entire urinary system becomes 
diseased and incapable of performing its 
proper functions. 

The prolapse of the ureterocele through the 
female urethra must be regarded as a special 
variation of the anatomical and pathological 
picture (Fig. 4). Upon straining to urinate 
and thus to get rid of the foreign body that 
the patient feels within the bladder, the blad- 
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der muscle presses the cyst outward through 
the dilated urethra, and there is then seen the 
picture of a tumor lying in front of the ex- 
ternal meatus, which can with little difficulty 
be pushed back into the bladder temporarily, 
Upon the prolapsed portions of mucous mem- 
brane there are often seen signs of chronic 
inflammation, such as hornification of the 
epithelium and leucoplacia. Several of the 
earliest cases of ureterocele reported were of 
this nature, in young female children. All 
the early cases of this kind were fatal, the en- 
tire urinary system being invariably found in 
a state of inflammation, with abscessed kid- 
neys, and the like, from ascending infection 
that had arisen from the sloughing off of the 
invaginated mucosa within the meatus. 


DIAGNOSIS 


In early times, before the arrival of the 
modern urographic and cystoscopic era, the 
diagnostician had to depend on the symp- 
tomatology, which in reality has nothing char- 
acteristic about it to differentiate it from 
“cystitis” or other irritant conditions of the 
bladder. These symptoms may be due to 
infection or to obstruction. In some cases 
there may indeed be no symptoms at all, in 
the early stages of the dilatation. We know 
that a large number of cases in the literature 
gave no trouble during life and were diagnosed 
only at postmortem. Symptoms due to infec- 
tion may consist of the usual dysuria, fre- 
quency, pyuria and hematuria that charac- 
terize cases of cystitis. Symptoms due to 
obstruction or stricture of the ureteral oritice 
consist of attacks of ureteral and renal colic 
and the usual manifestations of retention in 
advanced cases that have gone on to hydro- 
ureter and hydronephrosis. But there is noth- 
ing characteristic about these symptoms, and 
our main dependence for diagnosis must be 
placed on the cystoscopic and urographic find- 
ings. Chromocystoscopy is also of value, 
making it possible to watch the ejaculations 
more clearly. It is fortunate that by these 
means we are able today to recognize and in- 
terpret these findings when the ureteocele is in 
its early stages. 

When a ureterocele is still in its initial stage, 
it is observed cystoscopically that, immedi- 
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ately before the ureteral ejaculation occurs, a 
flattened tumor is formed at the level of the 
ureteral orifice, resting against the bladder 
wall, where it obliquely follows the direction 
of the ureter. At this moment the submucous 
wall of the ureter becomes transparent; the 
ureteral orifice, surrounded by this encircling 
prominence, dilates; then, at the moment of 
ejaculation, it retracts and the dilatation dis- 
appears, to return again with the next ureteral 
contraction. 

In the second stage, the little tumor has be- 
come a permanent projection into the bladder. 
It presents the appearance of a rounded prom- 
inence, smooth and shiny, with a broad base 
covered with healthy or slightly inflamed 
mucous membrane, on the surface of which a 
fine tracery of vessels can be observed. On its 
summit the round and contracted orifice can 
as a rule be seen. Sometimes this orifice is 
absent, either because it is really lacking or 
because it is dissimulated between the pos- 
terior wall of the cyst and the wall of the 
bladder. When the cyst is distended, causing 
its walls to become thin, it takes on an ap- 
pearance of transparency and can be trans- 
illuminated, especially if the cystoscope is 
placed deep within the bladder, close to the 
ureterocele, just as a flash light is applied to 
a hydrocele. The same changes can be ob- 
served with the rhythmic movements of the 
ureter as in the first stage of its evolution, but 
now, after the ejaculation, the cystic forma- 
tion does not entirely disappear as it did be- 
fore. In one of my cases these alternations 
appeared every 30 seconds. 

In the third stage of development, the 
ureterocele becomes more or less peduncu- 
lated, its distended walls have become inert, 
its size remains constant; it prolapses more or 
less into the bladder toward the internal orifice 
of the urethra, with which it has a tendency 
to make connection. One characteristic ob- 
served is that if the structure is touched with 
the tip of an instrument, it reacts like a rubber 
ball, with a momentary depression that dis- 
appears when the pressure is removed. 

When the condition of ureterocele is dis- 
covered on cystoscopic examination, it is al- 
ways wise to catheterize the ureters whenever 
possible; and also to take a plain roentgeno- 


gram with the catheters and instrument in 
position as well as retrograde uretero-pyelo- 
grams, not only for the purpose of confirming 
the diagnosis of ureterocele, but also to rule 
out concomitant anomalies or other pathologi- 
cal conditions of upper urinary tract (Fig. 9). 
In the differential diagnosis, ureteroceles are 
not likely to be confused with polyps, since the 
only character they have in common is their 
site. Polyps are not transparent, their size is 
constant, their pedicle is long and thin, and 
the urine is seen to escape around the tumor 
and not at its summit. Nor will a stone 
wedged in the lateral wall of the bladder or a 
benign tumor invested with a layer of fibrin- 
ous exudate on its surface be readily mistaken 
for a ureterocele. The only real confusion will 
lie between the latter and a prolapse of ure- 
teral mucosa into the bladder. One way of 
recognizing such a prolapse, which after all is 
not very common, is that it can ordinarily be 
reduced by pressure on its summit. It has 
also been observed that in prolapse the move- 
ments are only in and out, while in cystic 
dilatation there is also an expansion and a 
retreat like that observed in an aneurysm. 
Prolapse mostly occurs through an enlarged 
ureteral orifice, while the ureterocele forms a 
pocket closed on all sides and opening into the 
bladder by an orifice that is ordinarily much 
contracted. Marked edema with swelling of 
the intravesical portion of the ureter when 
produced by impacted ureteral calculi is easily 
differentiated, since it is readily observed that 
when the ureteral stone is dislodged and ex- 
pelled, the edema that surrounds the mouth 
of the ureteral orifice finally subsides. Uretero- 
cele must also be differentiated from cyst of 
the prostate, cystitis and ureteritis cystica, 
and other pathological conditions of the uri- 
nary bladder, such as hypertrophy of the 
interureteric ridge or “floating trigone,”’ pe- 
dunculated solid tumors and diverticula of 
this viscus. Moreover, when the ureterocele 
prolapses from the meatus of the urethra and 
becomes an extravesical ureterocele, it must 
be differentiated from polyps, papilloma, pro- 
lapse of the urethral mucous membrane, 
caruncle, condyloma, peri-urethral abscess of 
Skene’s glands, carcinoma, and other common 
pathological conditions of female urethra. 
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Fig. 7. Drawing from an intravenous urogram, reveal- 
ing the two round filling defects in the area of the bladder, 
with marked hydro-ureter and hydronephrosis on the right 
side. Filling defects of this type in a cystogram are pathog- 
nomonic of ureterocele. 


Finally, intravenous urography is of great 
help in the diagnosis of ureterocele and should 
be used as a routine method of examination, 
since in a good film one can visualize the con- 
dition of the upper urinary tract and at the 
same time readily detect any filling defect in 
the cystogram appearing as a superimposed 
round shadow of the opaque substance re- 
tained within the sac or balloon of the uretero- 
cele (Figs. 7 and 8). When this type of shadow 
is present in the cystogram, it should be con- 
sidered as a pathognomonic urographic sign 
for the diagnosis of this condition. However, 
this beautiful urographic finding should al- 
ways be checked cystoscopically in order to 
rule out uric acid or cystine stone, divertic- 
ulum, and bladder tumor. 


TREATMENT 


Treatment consists of urological and sur- 
gical measures. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Urological measures. These will include 
cystoscopic dilatations of the mouth of the 
ureterocele with ureteral bougies and cathet- 
ers and irrigation of both the renal pelvis and 
ureters with antiseptic solutions, such as silver 
nitrate, acriflavine or rivanol dextrose 1:2000. 
The dilatations should be done at weekly in- 
tervals and continued until a No. 9, 10, or 12 
catheter can be readily passed to the kidney 
pelvis without obstruction. In this way an 
improved drainage is assured, and the degree 
of infection reduced; the constant irritation 
of the bladder wall is relieved, and the dysuria 
and other urinary symptoms diminished, re- 
sulting in a general amelioration of the pa- 
tient’s condition. 

Surgical treatment. According to the stage 
of evolution of the ureterocele, minor trans- 
urethral surgical measures or more radical 
open procedures are indicated. Minor surgical 
measures consist of transurethral treatment 
that can be carried out cystoscopically. This 
may be either one of two kinds: (1) simple 
fulguration with a point electrode, (2) ureteral 
meatotomy carried out by cutting with mi- 
nute scissors or knife electrode. 

When more radical operative procedures must 
be considered, these again fall into two main 
groups, according to the pathological lesion 
present: (1) cystostomy and (2) combined 
ureteronephrectomy. 

(x) If the ureterocele is of large size or is 
accompanied by infection, tumor, stone, or 
other complication, cystostomy must some- 
times be done for its complete removal. (2) If 
the ureterocele is of long standing and ob- 
struction has reached such a high degree that 
the ureter and kidney have been severely com- 
promised, usually resulting in hydro-uretero- 
nephrosis, then combined ureteronephrec- 
tomy may become necessary. 

Minor transurethral surgical procedures may 
be described as follows: 

A. In simple unilateral ureterocele, when 
the cyst is small and without complications, 
the best procedure is simple fulguration of the 
ureteral orifice carried out cystoscopically. A 
fulgurating point electrode is inserted in the 
ureteral orifice of the ureterocele, the high 
frequency current is applied and the entire 
surface of the ureterocele is destroyed by ap- 
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Fig. 8. Drawings from intravenous urograms of bilateral ureteroceles in two adult 
female identical twins (Riba’s case). A, at left. Note the obstructing pathology of the 
upper urinary tract, with bilateral ureterocele, a slight degree of hydro-ureteronephrosis 
and evidence of megalo-bladder. B, Drawing from the intravenous urogram of the 
second twin, showing the presence of bilateral ureteroceles in the cystogram. 


plication of the electrocoagulating current, 
under cystoscopic control. The simplicity of 
the procedure and the good results uniformly 
obtained commend this above all other pro- 
cedures. Fulguration will also permit the 
passage of a stone if any happens to be im- 
pacted in the intramural portion of the ureter 
or within the ureterocele, as occurred in 2 of 
my cases reported here. The patient should 
receive bladder irrigations at least twice a 
week after the fulguration; then after slough- 
ing of the fulgurated tissue is complete and 
healing has taken place, which will be in about 
2 or 3 weeks, dilatations of the ureters and 
kidney pelvis lavages should again be carried 
out in order to secure perfect drainage and 
prevent constriction of the mouth of the 
ureteral orifice. The scar resulting from this 
operation provides as a rule a good sphincter 
at the mouth of the ureter, and thus prevents 
vesicorenal reflux. 


When the opening of the ureteral orifice is 
so minute that it cannot be properly visual- 
ized through the cystoscope, or when it is 
concealed by the position of the ureterocele, 
and the point electrode cannot therefore be 
placed within the ureteral meatus, the elec- 
trode should be placed in the most prominent 
part of the pseudocyst, in order that thorough 
fulguration at that point may destroy the 
whole structure, which will then gradually 
slough off and permit adequate drainage. 

B. As a modern alternative to fulguration, 
in the same type of simple case, a wuretero- 
meatotomy may be performed by the electric 
cutting current, the mouth of the ureteral 
orifice being cut away and the superfluous tis- 
sue removed either by means of minute cys- 
toscopic scissors or by a knife electrode such 
as Kelly, Papin, Caulk, Bumpus, Collins, 
Moore, Riba, Beer and others, have devised 
for transurethral surgical work. This can be 
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readily applied through an ordinary cysto- 
scope or, preferably, through the panendo- 
scope. 

An inconvenient feature of this method is 
that it is not easy to control the exact amount 
of tissue cut away, and it is possible to excise 
too much of the wall of the intravesical ureter, 
carrying away a part of the muscularis fibers 
when, properly, in most instances only the 
mucosa should be cut. Moreover, the sphinc- 
ter action of the new orifice may be unsatis- 
factory, and the procedure may result in 
regurgitation with vesicorenal reflux. Other 
ingenious devices for conservative trans- 
urethral treatment have also been presented 
for intravesical use, such, for instance, as 
various forms of snares devised by Burger, 
Foley, and others. 

C. Finally, there is the loop electrode 
method in use for endoscopic prostatic resec- 
tion, which in some instances can be turned 
to good account for destroying and removing 
ureteroceles, just as it has been for removing 
a median prostatic lobe or solid tumors of the 
urinary bladder. 

Open surgical procedures. It goes without 
saying that many unnecessary operations 
have been done for exposing and ascertaining 
the condition present within the bladder, in 
cases in which diagnosis has not been properly 
made before operation. In these modern 
urographic and cystographic days there is 
little reason to resort to cystostomy for diag- 
nosis. Still there are vivid records in the 
literature of cases in which on the basis of a 
cystoscopic diagnosis of tumor of the bladder 
this viscus has been opened and a ureterocele 
discovered, which has been surgically removed 
by accomplishing a ureterocelectomy, followed 
by the placing of interrupted or continuous 
sutures around the mucosa of the ureter and 
bladder at the mouth of the ureteral orifice. 
Such a procedure has been reported with 
apparent success by Cohn, Bazy, Pasteau, 
Albarran, Fedoroff, Gayet, Cathelin, Patch, 
Papin, and others. 

Another type of open surgery of ureterocele 
has consisted in plastic repair of the ballooning 
portion, as in an ordinary hernia operation. 
Such a method was reported by Young, in 
1912, also with apparent success. 
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But a fact that must unfailingly be kept in 
mind, in open surgical operations for uretero- 
celes, is that in advanced cases of this kind, a 
hydro-ureter and a hydronephrosis are almost 
certainly present, and in most cases these 
organs have become functionless. Partial 
measures directed to the removal of the 
ureterocele alone accomplish nothing where 
such conditions have arrived. When the 
cystoscopic findings reveal a large ureterocele 
and the pyelographic findings give evidence 
of an advanced stage of destruction in the 
upper urinary tract, the indications are given 
for a combined ureteronephrectomy or even 
a partial cystoureteronephrectomy, provided 
the condition is unilateral and there is assur- 
ance of a well functioning kidney on the 
opposite side. This operation, done in two 
stages, I described in 1931, in a paper on the 
indications for combined ureteronephrectomy; 
and I have emphasized the importance of 
ureterocele as one of the causes of hydro-ureter 
and hydronephrosis, in the third edition of 
Cabot’s Modern Urology. 

It appears, therefore, that, if this condition 
is discovered in early life, it may be possible 
not only to treat it successfully by conserva- 
tive measures, with dilatations of the ureter 
or fulguration of the ureterocele, but also to 
save the patient from further disease of the 
upper urinary tract, leading to acute condi- 
tions which may ultimately require radical sur- 
gery such as combined ureteronephrectomy. 

In these advanced cases, in which kidney 
function has been lost through the obstructive 
effect of a ureterocele, and in which marked 
hydro-ureter and hydronephrosis are present, 
the surgical procedure may be simplified by 
doing it in three stages: (1) The destruction, 
cystoscopically, of the ureterocele, by simple 
fulguration, without opening the bladder. (2) 
If, later on, the urographic studies reveal 
that the kidney and ureter are still hydro- 
nephrotic and functionless, with urographic 
evidence of hydro-ureter and hydronephrosis, 
the second procedure, or ureteronephrectomy, 
which I have described elsewhere, and which 
is in itself a dual one, to be done in one sitting, 
can then be instituted! This will consist 
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first of ligation and section of the ureter at its 
base, close to the bladder, done either through 
the oblique incision running parallel to Pou- 
part’s ligament or through a median line or 
pararectus incision, not exceeding 5 to 6 centi- 
meters in length, carried out extraperitoneally 
and retroperitoneally. (3) After this the last 
stage, consisting of the removal of the kidney 
and attached ureter, in a single piece, is done 
through the usual lumbar incision. When 
the kidney has a double pelvis and double 
ureters with evidence of hydro-ureter and 
hydronephrosis in only one-half of the organ, 
and the other ureter is functioning satisfac- 
torily, a combined uretero-heminephrectomy 
may properly be carried out. 

The advantage of this new mode of attack 
is that it avoids opening the bladder and 
makes unnecessary the drainage of this viscus, 
which might materially prolong the post- 
operative care of the patient. 


REPORT OF ILLUSTRATIVE CASES 


From the series of 18 cases observed and 
treated by the author, the following 9 cases 
have been selected as typical illustrations of 
the findings, tending to confirm the conclu- 
sions which have been set forth in the pre- 
ceding pages: 


CasE 1. Simple unilateral ureterocele in a young 
female patient with frequency of urination, dysuria, 
urgency and bladder tenesmus; also complaining of 
indefinite abdominal and lumbar pain, diagnosed 
cystoscopically and relieved by cystoscopic fulgura- 
tion of the ureterocele and further dilatations of the 
ureter with bougies and catheter drainage. 

Miss S. F., 20 years of age, came to my office for 
examination in October, 1925, complaining of pain 
across the back, frequency of urination, and noc- 
turia three to four times nightly; also bladder tenes- 
mus and nervousness. She had been receiving 
treatments from a local doctor without relief. Cysto- 
scopic examination revealed the presence of a left 
ureterocele about the size of a small olive. During 
ejaculation the mouth of the left ureteral orifice was 
seen to be very small and of the pin-point type. A 
No. 4F. catheter was difficult to pass, owing to the 
obstruction. The right ureteral orifice was normal 
in all respects and could easily be catheterized with 
a No. 6F. catheter. It was decided to fulgurate the 
mouth of the left ureteral orifice, in order to destroy 
the mucous membrane of the ureterocele. Three 
weeks later both ureteral orifices were easily cathe- 
terized with a No. 6 catheter without meeting ob- 
struction. The specimen collected from each side 
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was clear. Both kidneys were irrigated with acri- 
flavine 1:1000. This treatment was carried out on 
several occasions until a bougie No. 9 passed into 
each kidney pelvis without obstruction. The cul- 
tures of the catheterized specimen were negative. 
The urinary symptoms cleared up and patient has 
been well ever since. 

CasE 2. Unilateral ureterocele in a female patient 
complaining of acute cystitis, pyelitis, and pyelo- 
nephritis, with urographic evidence of hydro-ureter 
and hydronephrosis, successfully relieved by cysto- 
scopic fulguration of the ureterocele, dilatations of 
the ureters and kidney pelvis lavage. 

Mrs. K. S., 34 years of age, was referred for per- 
sistent bladder symptoms by her husband in Sep- 
tember, 1930. She had been suffering for 3 years 
with bladder tenesmus, dysuria, burning at urina- 
tion, pyuria, and pain in right lumbar region radiat- 
ing to the right lower quadrant. She had been 
married for over 10 years and had no children. 
Menstrual history was normal. The voided specimen 
of urine was cloudy and contained pus. Cystoscopic 
examination revealed the presence of a small uretero- 
cele at the mouth of the right ureteral orifice, which 
admitted a No. 4 catheter with some difficulty. The 
left ureteral orifice was normal and admitted a No. 6 
catheter without obstruction. The specimen col- 
lected from the right kidney was hazy, while that 
from the left kidney was clear. The phenolsulph- 
onphthalein test showed that renal function was 
slightly diminished on the right side but was normal 
on the left. The right pyelogram revealed a con- 
siderable degree of hydronephrosis with pyelitis and 
pyelonephritis, as well as dilatation of the ureter 
throughout its entire length. The culture was posi- 
tive for Bacillus coli and streptococcus infection. 
The diagnosis was right ureterocele with hydro- 
nephrosis, pyelitis and pyelonephritis. 

Treatment was carried out cystoscopically with 
fulguration of the ureterocele, dilatation of the 
ureters, and kidney pelvis lavage with rivanol dex- 
trose 1:2000. Patient was cystoscoped regularly at 
intervals of 2 and 4 weeks until a No. 8 bougie 
passed repeatedly into the kidney pelvis without 
obstruction. All symptoms cleared up and she is 
now enjoying good health. 

CasE 3. Unilateral left ureterocele in a male pa- 
tient who complained of pain across the lower back, 
slight frequency of urination and persistent micro- 
scopic pyuria and hematuria, causing his rejection 
by a life insurance company. Cystoscopic examina- 
tion revealed the presence of a left ureterocele about 
the size of an olive and the urographic studies showed 
a moderate degree of hydronephrosis with left pyelo- 
ureteritis, relieved by cystoscopic fulguration of the 
ureterocele, dilatation of ureters, and kidney pelvis 
lavage. 

Mr. Ch. C., married, 28 years of age, engineer, 
came to my office June 23, 1932, complaining of 
frequency of urination with dysuria, pain across 
back, and persistent microscopic pyuria and hema- 
turia. He had been operated upon for left varicocele 
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4 years before, and had been cystoscoped elsewhere, 
but without diagnosis. Treatments for cystitis had 
given no relief. Cystoscopy now revealed the pres- 
ence of a left ureterocele with a much congested 
bladder mucosa and evidence of cystitis. Catheteri- 
zation of the ureters was easily accomplished with 
two No. 5F. catheters. Cultures of the catheterized 
specimens were negative. Phenolsulphonphthalein 
appeared in 4 minutes on the right side and in 4% 
on the left, with fairly good concentration of the 
dye. Ureteropyelograms disclosed the presence of a 
moderate degree of left hydronephrosis with marked 
pyelectasis and ureterectasis. He was treated cysto- 
scopically with fulguration of the left ureterocele and 
subsequent dilatations of the ureters and kidney pelvis 
lavage, together with administration of urinary anti- 
septics and forced fluids. Urinary symptoms gradu- 
ally disappeared and a cystogram taken 3 months 
later showed a normal bladder with no evidence of 
vesico-uretero-renal reflux. 

CasE 4. Ureterocele, complicated with an im- 
pacted stone at the mouth of the right ureteral orifice 
of a pin-point meatus. Diagnosed cystoscopically in 
a patient with prostatitis, seminal vesiculitis, and 
multiple prostatic calculi. Relieved by endoscopic 
fulguration of the ureterocele which made possible 
not only the delivery of the ureteral stone but the 
final correction of the ureterocele. 

Mr. R. F. D., aged 45 years, married for 17 years, 
no children. Patient was referred for examination on 
January 16, 1934, complaining of hematuria, pyuria, 
and pain in right kidney region; he had suffered from 
arthritis for several years. He had been passing 
stones from childhood, with attacks of chills, fever 
and pain, the last stone having been passed in July, 
1933. He complained of frequency, urgency, noc- 
turia, dysuria, and cloudy and foul urine. Rectal 
examination disclosed a moderately enlarged pros- 
tate of boggy consistency and with multiple calculi. 
Microscopic examination of the prostatic fluid re- 
vealed 40 per cent pus cells per field. The right 
kidney was enlarged and tender on palpation. Cysto- 
scopic examination revealed the presence of right 
ureterocele surrounded by bulbous edema and much 
congestion of the entire bladder mucosa. A small 
ureteral calculus could be seen lying at the mouth 
of the very minute right ureteral orifice and pro- 
truding from its lumen. The left ureteral orifice was 
normal. Right ureteral catheterization was impos- 
sible, due to the impacted stone in the protruding 
ureterocele. Roentgenographic examination dis- 
closed the presence of the stone in the ureter and 
multiple stones in the prostate, while intravenous 
urograms showed a slight degree of dilatation of the 
right kidney pelvis and ureter. The entire uretero- 
cele was fulgurated to allow the passing of the 
calculus, which was afterward removed from the 
bladder by cystoscopic manipulations. Patient was 
apparently completely relieved of the acute symp- 
toms caused by the obstructing ureterocele. 

CASE 5. Bilateral ureterocele in male patient suf- 
fering from lumbago, marked dysuria, and frequency 
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of urination. Diagnosed by cystoscopic examination 
and cured by cystoscopic fulguration of the con- 
genitally minute mouth of both ureteral orifices. 

Mr. D. J. S., aged 43 years, married, suffering 
from persistent prostatitis and seminal vesiculitis 
for the last 10 years, apparently following an attack 
of gonorrhea. He was examined in February, 1935, 
at which time he complained of frequency, dysuria, 
hesitancy, and persistent lumbago. He was operated 
upon for chronic appendicitis 7 years ago. The 
voided specimen of urine was clear, with shreds. 
Microscopic examination of the prostatic fluid re- 
vealed 20 per cent pus cells per field. Cystoscopy 
disclosed slight congestion of the entire bladder 
mucosa and two very minute ureteral orifices, one 
on each side of the trigone. The ballooning of the 
ureteroceles, which were about the size of lima beans, 
could be observed during ejaculation. A No. 6F, 
failed to pass and ureteral catheterization was ac- 
complished with difficulty, passing a No. 4F. Speci- 
men collected from each kidney was clear and 
cultures negative. An electrode was placed at the 
mouth of each ureteral orifice and both ureteroceles 
were thoroughly fulgurated. The bladder was irri- 
gated with silver nitrate 1:5000 twice a week and 
when patient was cystoscoped 3 weeks later both 
ureters appeared wide open and within normal lim- 
its. The lumbago and urinary symptoms disappeared 
and patient is cured at the present time. 

CasE 6. Bilateral ureterocele in a female patient 
suffering with arthritis, frequency of urination, 
microscopic pyuria, headaches, nervousness and 
bladder tenesmus, with evidence of marked cysto- 
cele, chronic cystitis, pyelitis, pyelonephritis, neph- 
roptosis, kinking of the ureters and hydro-ureters 
and hydronephrosis, successfully relieved by cysto- 
scopic fulguration of the ureteroceles, and kidney 
pelvis lavage. 

Mrs. J. L., 58 years of age, housewife, came to the 
office for examination on April 4, 1936, suffering 
from arthritis and intermittent pain in both kidney 
regions, sometimes radiating down along the course 
of the ureter to the bladder region, and accompanied 
by frequency day and night, dysuria and evidence 


Fig. 9. Bilateral ureterocele with a stone on one side 
causing complete retention of urine in a female patient 
with duplication of the ureters and kidney pelves (Case 7). 
1, Cystoscopic view of the bladder showing the actual size 
of the two ureteroceles producing mechanical obstruction 
at the vesical orifice. 2, Cystoscopic view showing the two 
congenitally narrow ureteral orifices during ejaculation. 
3, and 4, Cystoscopic view of the right and left ureteral 
orifices 3 weeks after ureterotomy by fulguration, showing 
the sloughing tissue around the newly opened ureteral 
orifices. The stone, which was in the right ureterocele and 
which was removed by cystoscopic manipulation, can now 
be seen lying in the bladder after fulguration. 5, Bilateral 
pyelo-ureterogram made after the fulguration of the ureter- 
ocele, showing the duplication of the ureters and kidney 
pelves on both sides. 6, Drawing from the bilateral pyelo- 
ureterogram showing graphically the concomitant anom- 
alies which can be discovered only by routine urologic 
and urographic examination. 
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of microscopic pyuria and hematuria. Had hyster- 
ectomy 15 years ago for fibroid tumor. On physical 
examination both kidneys were low and palpable and 
there was evidence of marked degree of cystocele. 
Cystoscopy disclosed much congestion of the bladder 
mucosa throughout. The meatus and both ureteral 
orifices were diminutive in size. The ballooning of 
the cystic dilatation of the intravesical portion of 
both ureters could be seen during ejaculation. Ure- 
teral catheterization with No. 6F. was difficult, but 
two No. 4F. passed easily and without obstruction to 
each kidney pelvis. Specimen collected from. each 
kidney was hazy. Cultures revealed the presence 
of Staphylococcus albus. Phenolsulphonphthalein 
appeared with fairly good concentration in 3% 
minutes from both kidneys. The retrograde pyelo- 
ureterograms revealed the presence of bilateral hy- 
dronephrosis and hydro-ureter with kinking of the 
ureters, nephroptosis, and bilateral pyelitis and 
pyelonephritis. Patient was put on urinary antisep- 
tics, forced fluids, and kidney pelvis lavage. On the 
second visit both ureteroceles were cystoscopically 
fulgurated. Bladder irrigations and kidney pelvis 
lavages were continued in order to secure better 
drainage and relieve infection. Patient showed im- 
provement 2 weeks after the fulguration of the 
ureteroceles. The urine cleared, cultures became 
negative, and while she still suffers from a mild de- 
gree of cystitis due to cystocele, she declares her 
general condition is much better, and declines fur- 
ther operation. 

Case 7. Bilateral ureterocele with stone in a 
female patient suffering from difficult urination, 
bladder tenesmus and intermittent attacks of com- 
plete retention of urine in which urographic studies 
revealed the presence of a reduplication of kidney 
pelves and ureters on both sides, opening into two 
separate ballooning ureteroceles, one of which con- 
tained a stone about the size of a pigeon’s egg. 
Diagnosed cystoscopically and relieved by cysto- 
scopic fulguration and litholapaxy. 

Mrs. M. G., aged 40 years, complained of inter- 
mittent attacks of retention of urine with dysuria, 
frequency and burning, dribbling and slight incon- 
tinence of urine; also of persistent lower abdominal 
pain for which she had been operated upon for 
chronic appendicitis without relief. Cystoscopic 
examination revealed two pedunculated mobile 
masses in the bladder. The one on the right side was 
so large that it covered the beak of the cystoscope 
and suggested a large tumor of the bladder, but 
careful inspection of the left ureteral orifice during 
ejaculation of urine disclosed the presence there of 
a small ureterocele. It was then discovered that the 
large pedunculated mass on the right side was a 
large ureterocele. Both ureteral orifices were of the 
pin-point type and neither one could be catheterized. 
Both orifices were fulgurated through the cystoscope 
in an effort to destroy the ureteroceles and create 
new ureteral orifices. This was successfully accom- 
plished and 3 weeks later cystoscopic examination 
showed a good-sized stone in the fundus of the 


bladder, which had come from the large ureteroce!. 
The stone was crushed with a cystoscopic ronge:r 
and completely removed by cystoscopic manipul.- 
tions. Ata later date both ureters were catheterizid 
with ease and retrograde bilateral ureteropye|,)- 
grams taken. These films showed a congenital m,l- 
formation of the upper urinary tract with reduplic.- 
tion of ureters and renal pelves on both sides with a 
slight degree of pyelitis, pyeloureteritis, hydrone- 
phrosis, kinking of the ureters, and right nephrop- 
tosis. Due to the presence of this infection, a course 
of cystoscopic treatments was given with dilatation 
of the ureters and lavage of the renal pelves. This 
promptly relieved the symptoms and there has been 
no recurrence up to the present time. Cystograms 
were taken, which proved to be normal. There was 
no evidence of vesico-uretero-renal reflux. 


This case illustrates the important rdéle played 
by anomalies of ureters and kidneys in dis- 
eases and surgical conditions of the upper 
urinary tract, which can be cleared up only 
by proper urologic and surgical treatment. 


Case 8. Left blind ureter in an elderly female 
patient causing blind ureterocele with complete de- 
struction and calcification of the corresponding left 
functionless kidney. 

Mrs. M. B., 76 years of age, had been suffering 
from arthritis and complaining of chronic inflamma- 
tion of the bladder for several years with a slight 
degree of cystitis accompanied by dysuria and fre- 
quency of urination. The voided specimen of urine 
was hazy and microscopic examination of the sedi- 
ment revealed 20 per cent white blood cells and 10 
red blood cells per field. On cystoscopic examination 
the left ureteral orifice could not be seen in the 
bladder. The right ureter was normal in location, 
shape, and position. In the area of the trigone where 
the left ureteral orifice was supposed to open, a 
slight protrusion or cystic dilatation about the size 
of an olive could be seen which appeared to be a 
blind ureterocele. Attempts to catheterize this with 
all sorts of bougies and catheters failed repeatedly, 
while the right ureteral orifice was easily catheterized 
with a No. 6F. Chromocystoscopy was negative in 
that the administration of the blue dye intravenously 
showed a good elimination from the right kidney 
while it failed to reveal any from the left side. X-ray 
and intravenous urograms revealed the presence of 
a normal hypertrophic right kidney with good func- 
tion and normal pelvis, but no excretion whatever 
of the dye from the left kidney in the three-hour 
film. Although in the plain roentgenogram there 
was evidence of multiple calcifications in the area of 
the left kidney, surgical treatment was not carried 
out because of the patient’s advanced age and the 
fact that she was comfortable with bladder irriga- 
tions and medical care. 

CASE g. Ureterocele arising from a diverticulum 
of the urinary bladder into which the minute ureteral 
orifice opened, and which ballooned in and out of the 
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bladder during peristaltic ejaculations of the ureter 
or whenever the patient engaged in coughing or 
other similar muscular activities. Diagnosed cysto- 
.copically and relieved by simple cystoscopic ful- 
yuration, subsequent dilatations of the ureter and 
kidney pelvis lavage. 

Mr. J. W., aged 29 years, complained chiefly of 
frequency of urination, dysuria, pain in the supra- 
pubic region, lumbago and cloudy urine, which per- 
si ted after an attack of gonorrhea. Urinalysis 
showed microscopic pyuria and hematuria. Rectal 
examination disclosed a moderate degree of pros- 
tatitis and seminal vesiculitis. Microscopic ex- 
amination of the prostatic fluid revealed 20 per cent 
pus cells per field. No Neisser gonococci were found 
in the smear. The cultures were positive for Bacillus 
coli. Cystoscopy revealed slight hypertrophy of the 
trigone with marked elevation of the interureteric 
ridge and gradual disappearance of the left promi- 
nent angle of the trigone, where the opening of a 
diverticulum could be seen. During peristaltic con- 
tractions of the ureter or during ejaculation of urine 
or other abdominal contractions, the cyst-like forma- 
tion could be observed ballooning in and out of the 
diverticulum (Fig. 2). The ureteral orifice on the 
left side was so minute that it was rather difficult 
to catch the ureter during the brief moment of its 
appearance. It admitted a No. 4F. catheter only 
with great difficulty, while the right one was cath- 
eterized with a No. 6F. without obstruction. The 
minute mouth of the ureteral orifice was lightly 
fulgurated, inserting a small point electrode, after 
which the patient received a course of cystoscopic 
treatments with dilatations of the ureters and kidney 
pelvis lavage. His urine and symptoms cleared up 
satisfactorily. The conditions improved and he was 
discharged practically free of symptoms. 


SUMMARY AND CONCLUSIONS 

The modern concept of ureterocele, to- 
gether with its diagnosis and surgical treat- 
ment, has been outlined. 

A new anatomoclinicopathologic classifica- 
tion of the different stages and types of 
ureterocele has been presented. 

The writer has had the opportunity to ob- 
serve and treat 18 cases of ureterocele, 10 of 
which were in females and 8 in males. 

Of this total, 5 cases were simple unilateral 
ureterocele; in 4 of these the condition was on 
the right side and in 1 on the left, showing the 
predominance of right sided ureterocele. Ten 
cases were simple bilateral ureteroceles, and 
included pseudocysts of all sizes, great and 
small; in all of these the characteristic balloon- 
ing and shining appearance of the sac of the 
ureterocele was demonstrated. Two cases had 
a stone in the ureterocele and here too the 


condition was observed on the right side. 
There was one case of blind ureterocele in an 
elderly female patient suffering with arthritis 
and with radio-urographic evidence of com- 
plete calcification of the corresponding func- 
tionless kidney. 

The condition of ureterocele can be dis- 
covered cystoscopically and visualized uro- 
graphically in a good cystogram. The differ- 
ential diagnosis from other lesions of the 
bladder is of importance, and it should always 
be made in a clear-cut way before operation. 

Meatoscopy or careful cystoscopic examina- 
tion of the ureteral orifices, regarding form, 
size, position, time of ejaculation and caliber 
of its lumen, is of great clinical and patho- 
logical importance, not only for establishing a 
proper diagnosis, but also for determining the 
prognosis of a given case. 

Cystoscopic ureteral meatotomy, or open- 
ing of the intravesical ureteral orifice in these 
and similar cases, is of great value, not only 
because it allows better drainage from the kid- 
ney and ureter, but it also serves to prevent 
and correct the formation of ureterocele. 

In this series of cases of ureterocele treated 
by simple cystoscopic fulguration, no com- 
plications have been encountered and the 
phenomenon of vesico-uretero-rena! reflux has 
not been observed. 

The occasional bilaterality, as well as the 
frequent concomitance of other anomalies, 
suggests the congenital nature of this malfor- 
mation of the intravesical portion of the 
ureter. Certain other etiological forces, how- 
ever, appear to play a contributory part in 
the progress of the disease. The paramount 
factors in the formation of ureterocele thus 
appear to be: (1) the congenital narrowing of 
the intravesical portion of the ureter with a 
very minute meatus; (2) congenital weakness 
or absence of the longitudinal muscle fibers of 
the terminal portion of the ureter, resulting 
in abnormal mobility of the trigone; (3) loos- 
ening up of the vesical mucosa at the point 
where the ureter enters the bladder; (4) dis- 
turbances of dynamism and hydraulic pres- 
sure within the ureter; (5) lack of drainage due 
to obstruction in the lower ureter; and (6) 
presence of infection or other concomitant 
pathological lesions of the ureter and bladder. 
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In all the cases observed by the author, 
there was evidence of narrowing at the mouth 
of the ureteral orifice, causing obstruction, 
urinary stasis and pyelitis and pyelonephritis, 
and in some of the cases there was urographic 
evidence of hydro-ureter and hydronephrosis. 

In one case of bilateral ureterocele, in a 
woman, the cyst on the right side which was 
a balloon-shaped mass as large as a pear, 
contained a calculus the size of a pigeon’s egg; 
it produced mechanical obstruction at the 
internal vesical orifice, resulting in inter- 
mittent attacks of complete retention of urine 
and sometimes dribbling and incontinence. 
In this case, which was successfully treated by 
cystoscopic fulguration and litholapaxy, pye- 
lography at a later date revealed multiple 
anomalies of the upper urinary tract, exhibit- 
ing the presence of two kidneys and two 
ureters on each side in addition to the bilateral 
ureteroceles. 

Another case of unilateral ureterocele was 
complicated by a small stone, about the size 
of an olive pit, which, after cystoscopic manip- 
ulations, was passed without further surgical 
measures. This patient also showed evidence 
of multiple prostatic calculi. 

Finally, an interesting case was observed of 
unilateral ureterocele which arose from a 
diverticulum in the urinary bladder at the 
left angle of the trigone, and which could 
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cystoscopically be seen ballooning in and 
out of the orifice of the diverticulum. 

In all the cases of this series, the patients 
were suffering with urinary symptoms, such 
as dysuria, frequency, urgency, incontinence, 
pyuria, hematuria, renal and ureteral colic, 


‘lumbar and lower abdominal pain, chronic 


uremia, and, in one case, even complete reten- 
tion of urine. Nearly all had marked bladder 
symptoms with chronic pyelitis and pyelo- 
nephritis, and in 6 instances there was uro- 
graphic evidence of marked hydro-ureter and 
hydronephrosis, which were apparently re- 
lieved by cystoscopic fulguration of the ure- 
terocele, dilatations, and kidney pelvis lavage. 

While ureteronephrectomy might have 
appeared to be indicated in some of these 
cases, as in a case recently reported by Gibson, 
and as I have myself advocated for advanced 
cases, no true indication for this radical pro- 
cedure was present in this series, since it was 
possible in all cases to restore the kidney func- 
tion to normal and to overcome the urinary 
stasis and infection by the routine urologic 
treatment of cystoscopic fulguration with 
dilatations of the ureters and kidney pelvis 
lavage. Hence we may believe that in the 
majority of cases, when the diagnosis is made 
early, before irreparable disintegration of the 
kidney has occurred, minor transurethral sur- 
gical procedures will achieve permanent cure. 


Note.—Complete bibliography will appear in reprints of this article. 


II. 
: 
Pai 
tor 
tha 
tict 
C 
was 
ity, 
alw: 
peri 
com 
swe 
18 } 
mat 
wee 
On 
was 
wit] 
The 
Foll 
ago. 
of § 
yea 
and 
and 
N 
Ven 
moc 
the 
inte 
ing 
thic 
enlz 
; sten 
tren 
mar 
the 
D 
mini: 
Di 
versi 
Pr 
Vete 
Pa 


ASEPTIC NECROSIS OF BONE 


II. Infarction of Bones of Undetermined Etiology Resulting in Encapsulated 


and Calcified Areas in Diaphyses and in Arthritis Deformans 


O RECORD has been found in the 
literature of massive multiple in- 
farcts of shafts and epiphyses of 
bones similar to those reported in 

Part I occurring in patients who give no his- 
tory of having worked in compressed air. For 
that reason the following 3 cases are of par- 
ticular interest. 


CasE 1. T. M., a 58 year old, single, white male, 
was admitted to the Veterans Administration Facil- 
ity, Bath, New York, November 30, 1934. He had 
always worked at railroad construction except for a 
period of military service from 1917 to 1919. His 
complaints were weakness, shortness of breath, and 
swelling and stiffness of the left knee. He stated that 
18 years previously he had a severe case of “inflam- 
matory rheumatism” which confined him to bed for 6 
weeks and he was told that the heart was involved. 
On admission to the Army in 1917, a heart murmur 
was present. He had an attack while in the Army 
with swelling of the left knee but remained on duty. 
There was a similar attack with the left knee in 1920. 
Following that he was more or less free until 2 years 
ago, and worked at railroad construction for a period 
of 8 years in Siberia and Central America. For 2 
years the left knee has been continuously swollen 
and painful and he suffered from shortness of breath 
and occasional pain over the heart. 

No other serious illness or accidents were reported. 
Venereal disease was denied. He drank alcohol in 
moderation but used no tobacco. On examination 
the well-nourished and developed individual, whose 
intelligence was above average, presented the follow- 
ing essential findings: Blood pressure, 170/100; some 
thickening of the peripheral arteries; slight cardiac 
enlargement with definite thrill and murmur of mitral 
stenosis, occasional extrasystole; no edema. The ex- 
tremities were normal except the left knee which was 
markedly swollen and tender with an extension of 
the fluctuant swelling upward on the lateral aspect 
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of the thigh. No abnormai findings of the nervous 
system were noted. Laboratory examinations were 
limited to urinalysis and blood Wassermann, which 
were negative. 

Roentgenological examination of the left knee re- 
gion (Fig. 1) presented a sharply outlined, smooth, 
mottled, dense interior of the lower 11 centimeters of 
the shaft and the condyles of the femur. There was a 
dense narrow zone of demarcation about it and the 
cancellous bone peripherally located in the epiphysis 
and metaphysis was less dense than that of the inte- 
rior. A similarly dense circumscribed central zone 
was present in the upper end of the shaft of the tibia. 
The cartilage space and articular cortex of the tibia 
were practically unchanged. 

Roentgenograms were then made of the remaining 
skeleton, except the hands and feet. A similar cen- 
tral involvement was found in the lower end of the 
right femur (Fig. 2) and in both ends of the shaft of 
each tibia. Anteroposterior views of the tibias (Fig. 
3) showed the lower limits of the central dense areas 
at the upper ends terminating hazily above the junc- 
tion of the upper and middle thirds. The involve- 
ment at the upper limits of the shafts of the tibias is 
seen in Figures 2 and 3. The process was more 
sharply circumscribed at the lower ends terminating 
bluntly about 2 centimeters above the ankle joint on 
the right side and extending to the internal mal- 
leolus on the left side. There was a medullary shadow 
resembling a healed fracture near the middle of the 
left fibula. No abnormality was noted in the skull, 
either humerus, radius, ulna, the pelvis or upper ends 
of the femurs. The lumbar spine showed a hyper- 
trophic spondylitis in its lower portion. 

No appreciable change in the patient’s condition 
occurred until April, 1936, when he expired 72 hours 
after a cerebral hemorrhage developed. 

The essential necropsy findings were: cerebral hem- 
orrhage; cardiac hypertrophy (580 grams), moderate 
sclerosis of coronary arteries with patent lumina; 
myocardium of normal appearance without scarring 
or fibrosis; chronic nephritis; no signs of infarcts in 
kidneys, spleen, liver, or intestines; a mild athero- 
matous change involving the intima of the aorta, 
much less than might be expected in view of the sub- 
ject’s age; the other larger vessels were essentially 
normal; adrenals and thyroid normal; parathyroid 
tumor searched for but not found. Microscopic ex- 
amination of the myocardium, lungs, liver, spleen, 


5 
= 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 1. Case 1. Walled off dense areas in lower third of 
femur and in upper diaphysis of tibia. 


hypophysis, thyroid, prostate, and kidneys gave 
little evidence of old or recent damage to paren- 
chyma and nowhere did the arteries show changes 
of unusual type suggestive of healed or active rheu- 
matic fever or polyarteritis nodosa. 

Skeletal system. There was a moderate hyper- 
trophic spondylitis most marked about the upper 
dorsal vertebre. A most interesting lesion of the left 
knee prevailed. It was swollen and fluctuant, the 
swelling extending about one-third the way up the 
lateral aspect of the thigh. Incision disclosed a large 
multilocular cyst-like projection of the synovial 
membrane (Baker’s cyst) filled with fairly clear, 
yellowish, odorless synovial fluid of a syrupy con- 
sistency. The lining membrane which averaged 3 
millimeters in thickness presented, especially in the 


joint capsule proper, innumerable villi averaging 1. 


centimeter in length, yellow, pedunculated, soft, and 
homogeneous in consistency (Fig. 4). There was 
slight synovial overgrowth of the margins of the 
articular cartilage with destruction of cartilage in 
some places. In others the cartilage showed flat, 
nodular hypertrophy. 

Microscopic sections of the villi showed them to 
consist of an interior of vascularized loose connective 
tissue and fat with a thickened synovial covering and 
many large to small subsynovial areas of round cell 
infiltration. The picture was like that commonly 
seen in chronic proliferative arthritis. 

The distal 16 centimeters of the femur was re- 
moved. Roentgenograms of the specimen (Fig. 5) 
showed no perceptible changes over those revealed in 
Figure 1, representing the condition on admission 15 
months previously. Coronal sections through the 


Fig. 2, left. Case 1. Right knee changes similar to 
those in left. 

Fig. 3. Case 1. Lesions at ends of diaphyses of tibias 
similar to those in femurs. 


bone (Fig. 6) disclosed a shaft and condyles of nor- 
mal diameter. The periosteum was normal in ap- 
pearance and a viable looking cortex was present 
which in the region of the shaft consisted of a thin 
dense outer portion and a less dense lamellated inner 
portion. Adjacent to the cortex and in the bulk of 
the epiphysis was viable spongy bone but the central 
portion of the diaphysis was occupied by a mottled, 
yellowish to dark gray, lusterless tissue which ex- 
tended downward into the central portion of the 
mesial condyle in this plane and into the lateral con- 
dyle in a more posterior plane. Its lower part con- 
tained cancellous bone which faded out in the upper 
portion. This central area was surrounded by a nar- 
row dense dark zone which sharply demarcated it from 
the cancellous bone externally and from the medul- 
lary cavity at the upper limit of the specimen. 
Microscopic preparations were made of transverse 
sections of the upper end of the anterior half. 

A longitudinal section cut from the remaining por- 
tion was roentgenographed (Fig. 7), decalcified, sec- 
tioned in celloidin and stained with hematoxylin and 
eosin (Fig. 8). Microscopic examination showed that 
all of the bone of the central area within the zone of 
demarcation was dead. Its trabeculae were of normal 
size and arrangement but its lacune were totally 
devoid of cells. 
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Fig. 4. Case 1. Front and back views of sectioned fe- 
mur and of villous synovia. 


Its cancellous spaces were filled very largely with 
necrotic fatty marrow which had retained to a re- 
markable degree the contour of the fat cells (Fig. 9). 
In about half its extent and especially centrally the 
fat spaces were discrete and clear as if still occupied 
by fat, but the condition was apparently an edema 
ex vacuo. In most of the remaining portion and es- 
pecially toward the periphery the cell outlines were 
more or less confluent and occupied by a granular 
débris or coagulum, stained faintly with eosin. The 
narrow zone of demarcation (Fig. 10) consisted of 
fibrous tissue filling the cancellous spaces, much of 
which had undergone very extensive calcification 
and to a less extent ossification. The calcification 
was seen to be progressive, especially internally. In 
some regions a very acellular fibrous tissue extended 
inward from it, usually for a short distance replacing 
the dead marrow. Along the mesial side above the 
middle the fibrous invasion of the dead area was 
extensive (Fig. 6) and at its lower limit there was 
a transverse streak of calcification extending into it 
(Figs. 7 and 8). All around the periphery of the dead 
area was more or less extensive granular calcification 
of the necrotic marrow. This calcification of its 
limiting wall was mainly responsible for the greater 


Fig: 6. Case 1. Central infarct with zone of demarca- 
tion, b. 
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Fig. 5. Case 1. Roentgenogram of excised end of left 
femur. Like Figure 1, taken 16 months before. 


density of the shadow of the necrotic area in the 
roentgenograms. The bone and marrow outside the 
zone of demarcation were alive with the exception of 
portions of a few trabecule along its surface which 
were dead and in process of replacement by living 
bone. In the zone of demarcation itself there was 
also some old dead bone which showed sluggish signs 
of creeping substitution by new bone (Fig. 11). The 
live bone of the diaphysis surrounding the dead area 
measured 6 to 12 millimeters and was streaked by 
wavy longitudinal trabeculae. The cortex increased 
to normal thickness at the upper limit of the lesion. 
The trabecule of the spongy bone of the epiphysis 
were less dense than those of the dead area above, 
which suggested that the dead area was originally 
larger and had been partly replaced by new bone. 
The periosteum was essentially normal in appear- 
ance. It contained a moderate number of arteries 
and arterioles. An occasional artery showed arterio- 
sclerosis with calcification. No sign of thrombosis or 
embolism was discernible in or about the necrotic 
area. 

At the articular margins of both condyles there 
were small osteophytes and villous synovia showing 
round cell infiltration. The articular cartilage as 


Fig. 7, left. Case 1. Roentgenogram of slice showing 
zone, a, demarcating infarct. 

Fig. 8. Case 1. Microscopic section of slice showing in- 
farct demarcated by dense zone, a. 
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Fig. 9. Case 1. Periphery of infarct showing central 
necrotic bone, a, zone of demarcation, 6, and surrounding 
living bone, c. 


seen in Figures 4, 6, and 8 was somewhat unequal in 
thickness and at the mesial and lateral margins it 
had been replaced by fibrocartilage which was con- 
tinuous over the marginal spurs. There was a vari- 
able amount of proliferation, degeneration, fibrilla- 
tion, and cavitation in the more superficial portions 
of the rest of the cartilage. 

The lesion of the femur was a massive infarct of 
the interior of long standing which had been partly 
replaced by new bone about its periphery but replace- 
ment had practically come to a standstill and the 
fibrous zone of replacement had calcified and ossified. 
Since there were no signs of sequestration or of in- 
flammation present, it must be concluded that the 
necrotic area had not been infected. And although 
there was no pathological examination of the lesions 
of the other bones, the similarity in roentgenographic 
appearance leaves no doubt that they were of the 
same nature and that the condition was that of mul- 
tiple massive infarction of bone. Since the nature of 
the condition was not recognized during life there 
was no special inquiry for etiological factors as work 


Fig. 11. Case 1. Zone of demarcation showing old dead 
a a, calcified fibrous tissue, 6, and living replacement 
ne, ¢. 


Fig. 10. Case 1. Central necrotic bone. Trabecule not 
eroded. Outline of dead fat cells preserved in some places, 
a, but lost in others, 0b. 


in caissons or old injury that might have produced 
symmetrical fat embolism of the bones. 

CasE 2. J. J., white male, aged 45 years; occupa- 
tion, automobile mechanic; entered the United 
States Veterans Administration Facility, Dayton, 
Ohio, January 22, 1935, complaining of pain and 
stiffness in hips, knees, and shoulders, and swelling 
of the feet and ankles. He was in military service in 
1918-19 and a month after discharge in 1919 de- 
veloped a limp in the left hip. Although the difficulty 
progressed, it was possible for him to work as an 
automobile mechanic fairly steadily until 1926. He 
then developed pain in the right hip and ankle region 
with swelling of the ankles and had to give up work. 
Aching pains also appeared in the shoulders, more 
marked in the left. He could recall no injury to any 
joints. The pain and stiffness in the involved joints 
had slowly increased since then and he had been 
unable to work. Several teeth had been extracted 
because his condition was thought to be due to 
“focal infection.’’ In 1934 he had a sudden attack 
of dizziness and fell out of a chair. He had re- 
mained in general good health. 

Past history. He was unusually healthy as a child 
and had no childhood diseases; no history of rheu- 
matism. His first work was in a machine shop and 
after that he served continuously as an automobile 
mechanic, except for military service. He denied 
having worked in a caisson or under Jncreased air 
pressure in any form. 

Family history. Father died of an injury at the 
age of 73, mother at the age of 76, cause unknown. 
Four brothers and 1 sister were living and in good 
general health. One sister died of a tumor at the age 
of 45 years.; 1 brother of a stroke at the age of 57 
years. The patient knew of no illness similar to his 
in the family. 

Physical examination showed a well developed and 
nourished man who walked poorly with the aid of a 
cane because of pain and stiffness in the lower ex- 
tremities. The only abnormal physical findings aside 
from the extremities were perforation of the left ear 
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Fig. 12. Case 2. Increased density in humeral head. 
drum with hearing—left, 15/20; right, 20/20, and 
several missing teeth. Blood pressure was 160/110. 
Urinalysis was negative; no Bence-Jones protein. 
Red blood cells numbered 4,400,000; hemoglobin 
was 85 per cent; white blood cells, 11,000; no abnor- 
mal cells; Wassermann and Kahn tests were nega- 
tive. 

Extremities. The upper extremities were free aside 
from slight limitation in the shoulders, more marked 
in the left. The lower extremities showed brawny 
swelling below the calves of the legs. The hips 
showed marked limitation of abduction and rotation 
with flexion to almost 90 degrees. No limitation of 
motion and no tenderness in knees and ankles were 
revealed; no outwardly visible varicose veins. 

Roentgenograms were made of the entire skeleton. 
The head of the left humerus contained a large irreg- 
ular oval subcortical area of markedly increased 
density and there was slight lipping of the inferior 
margin of its articular surface (Fig. 12). The upper 
metaphysis of the right humerus contained a few, 
small, scattered areas of increased density, without 
any changes in the shoulder joint. A roentgenogram 
of the pelvis showed extensive changes in the hip 
joints, especially in the heads of the femurs (Fig. 13). 


Fig. 13. Case 2. Old transformed necrotic areas in 
heads of femurs with secondary deforming arthritis in hip 
joints. 


Fig. 14, left. Case 2. Remnants of old necrotic areas in 
ends of left tibial shaft casting heavy calcium shadows. 

Fig. 15. Case 2. Remnant of old necrotic area in upper 
end of right tibial shaft partly replaced by new bone and 
partly calcified. Mottled central trabecule at lower end 
possibly indicate previous necrosis completely replaced by 
new bone. 


The left hip, which had produced symptoms longer, 
showed flattening of the head of the femur, marked 
narrowing of the cartilage space of the joint, and 
marginal lipping. There was a large area of increased 
density in the head underlying the fovea and extend- 
ing into the proximal portion of the neck. It was 
irregularly lamellated near the fovea. Opposite the 
superior and lateral portion of the head there was an 
oval subchondral area of reduced density in the ace- 
tabulum. The right hip showed little reduction in 
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Fig. 16. Case 2. Areas of ncreased density in internal 
and external supracondylar regions and posterior portion of 
external condyle, right femur. Calcified remnants of old 
necrotic bone. 


cartilage space and moderate marginal lipping. At 
the top of the head there were shadows of two de- 
pressed, fragmented, dense areas consisting of articu- 
lar cortex and underlying bone which were separated 
from the remaining head by a zone of reduced den- 
sity. The surrounding bone extending into the proxi- 
mal portion of the neck was irregularly increased in 
density. At the superior lateral margin of the acetab- 
ulum there was a large oblong area of reduced den- 
sity with a surrounding zone of increased density. 

The roentgenological findings indicated that there 
had been extensive necrosis in the heads of the fe- 
murs with subsequent breaking down, or bony re- 
placement, or calcification of the necrotic regions. 
Two aseptic sequestra had been separated by weight 
bearing at the top of the head of the right femur and 
a cavity had formed at the superior and lateral mar- 
gin of either ilium. 

The left tibia revealed a blotchy oblong area of 
markedly increased density in either end of the shaft, 
as shown in Figure 14. The fibula showed no change. 
There was a lesion in the upper third of the shaft of 
the right tibia similar in nature roentgenologically 
but slightly smaller than that in the left tibia (Fig. 
15). The lower end of the right tibia showed slight 
irregularity of trabecule as if a similar lesion may 
have existed which had been completely absorbed 
and replaced by new bone. The lower end of the 
shaft of the right femur showed 2 central areas of 
increased density, the larger in the external supra- 
condylar region and the smaller in the internal supra- 
condylar region. The posterior portion of the exter- 
nal condyle also showed an oval area of increased 
density. The supracondylar region of the right femur 
showed 2 centrally situated oval areas of increased 
density, the larger one being lateral and the smaller 


_ Fig. 17. Case 2. Roentgenograms showing areas of 
increased density in the internal and external supracon- 
dylar regions, left femur. 


mesial. The posterior part of the external condyle 
also contained an oval area of increased density 
(Fig. 16). The supracondylar region of left femur con- 
tained 2 irregular oblong areas of increased density, 
one mesial and the other lateral, much larger than 
those on the right side (Fig. 17). The bones and 
joints of the rest of the skeleton showed no changes 
except a slight narrowing and bony bridging of the 
tenth thoracic intervertebral space. 

The patient remained for 3% years in the Facility 
with but slight increase in his symptoms, and roent- 
genograms taken at the end of that period showed 
very little change in the picture. 

The diagnosis was made of old multiple aseptic 
necrosis of epiphyses and diaphyses of long bones of 
the extremities with secondary arthritis deformans 
and partial bony replacement and partial calcifica- 
tion of the necrotic areas. 

CasE 3. C. W., aged 43 years, entered the U. S. 
Veterans Administration Facility, Bath, New York, 
July 22, 1938, complaining of pains in the extremities 
most marked in the legs. For about 9 months he had 
had aching pains and a feeling of stiffness in the lower 
extremities from the hips downward. There had also 
been neuralgic pains in the upper extremities but 
apparently much less severe. At no time had he been 
laid up because of the complaint and he was able to 
get around with ease. 

Past history revealed the usual diseases of child- 
hood; fractures of both bones of both legs at 18 
years, followed by healing and complete return of 
function; gunshot wound of left iliac region and 
right Colles’ fracture during World War. No other 
illnesses or injuries were mentioned. 

Previous to World War service, patient worked as 
a railroad brakeman and since then as a laborer 


notec 
(Fig. 
shoul 
tona 
logice 
In 


OWS ¢ 


/ 
R ‘ L a 

und 
feve 
H 
abou 
Vi 
the | 
velo 
and 
Bloc 
of hi 
tract 
pres 
Ther 
no t 
brac 
to li; 
extre 
tion 
were 
veale 
Re 
lumt 
tibia 
They 
from 
Shad 
the | 
Blot 
the u 


OF 


KAHLSTROM, BURTON, PHEMISTER: ASEPTIC NECROSIS OF BONE 637 


Fig. 18. Case 3. Views of right tibia. 


about mines. He had never worked underground or 
under compressed air and had never had rheumatic 
fever. 

He used alcohol to excess periodically; smoked 
about ro cigarettes daily. 

Venereal disease denied. No hereditary diseases in 
the family. 

Physical examination revealed a fairly well de- 
veloped and well nourished man who was ambulant 
and active and not acutely ill; weight 140 pounds. 
Blood pressure was 130/84. Regional examination 
of head, neck, thorax, abdomen, and genito-urinary 
tracts was essentially negative. A soft mass was 
present over the back of the right olecranon process. 
There was no limitation of motion in any joints and 
no tenderness on palpation of the joints or of the 
brachial plexus or sciatic regions. The pupils reacted 
to light and accommodation and the reflexes in the 
extremities were normal. No disturbance of sensa- 
tion was elicited. Wassermann and Kahn reactions 
were negative. Urine and blood examinations re- 
vealed essentially normal findings. 

Roentgenograms were made of shoulders, chest, 
lumbar spine and pelvis, shafts of both femurs, 
tibias and fibulas, and of the right elbow and wrist. 
They revealed normal bone and joint shadows aside 
from the shoulders and shafts of tibias and femurs. 
Shadows of bony calluses were noted at the seats of 
the fractures in both fibulas and the right tibia. 
Blotchy areas of increased density were evident in 
the upper thirds of the tibias as shown in Figures 18 
and 1g. Similar regions about 2 inches in length were 
noted in the lower third of the shaft of each femur 
(Fig. 20). Degenerative changes as shown in each 
shoulder joint also were noted. The rest of the skele- 
ton and the thoracic viscera cast normal roentgeno- 
logical shadows. 

In view of the history and the similarity of shad- 
ows of increased density in this and the preceding 


Fig. 19. Case 3. Left tibia. 


cases, a diagnosis was made of old aseptic necrosis of 
relatively small areas of the interior of the bones 
with organization by irregular calcification and ossi- 
fication. No other explanation was found for the 
stiffness and pains in the extremities. Also there was 
nothing in the history to which the lesions might 
definitely be attributed. Judging by the other cases 
the lesions were of much longer standing than indi- 
cated by the history of pains in the limbs over a 
period of 9 months. However, the patient was unob- 
serving and may have given an incorrect anamnesis. 


In view of the great similarity of roentgeno- 
logical and pathological findings in the first 
3 cases and in the 4 cases reported in Part I, 
the condition might readily be explained on 


Fig. 20. Case 3. Blotchy increased density in lateral 
portion of lower diaphysis of each femur. 


/ 
4 
, 
’ 
1 | : 
4 
4 
yf = 
= 
iS 


638 


the basis of aseptic necrosis of the bones pro- 
duced by caisson disease. 

In Case 1, which was the first to be examined 
at autopsy, there was no history of work in 
caissons but since caisson disease was not sus- 
pected during life, no inquiry was made about 
it. In view of his occupation as a railroad con- 
struction worker, there is a bare possibility 
that the attack of “‘rheumatism” 18 years be- 
fore admission was due to caisson disease: In 
Cases 2 and 3, on repeated inquiry and after 
stressing the possible etiological relationship, 
no history of work in caissons could be elicited. 
Unrecognized fat embolism is a possibility to 
be considered. Case 3 had a severe injury with 
fractures of both bones of both legs at 18 
years and of a gunshot fracture of the left 
ilium and a Colles’ fracture of the right radius 
at 23 years. Case 1 showed in roentgenograms 
of the left fibula a transverse shadow like that 
produced by an old fracture; but there were 
no roentgenographic signs of old fractures in 
Case 2. No report was found of bone infarc- 
tion produced by fat embolism but should it 
occur the lesions might well be as symmetri- 
cally distributed as those resulting from nitro- 
gen gas in caisson disease. 

That the cause of the necrosis was an agent 
which interrupted the blood supply without 
leading to infection of the involved area is in- 
dicated by failure of sequestration of the dead 
bone and by the resemblance of the invasion 
and creeping replacement of the dead bone to 
that seen in caisson disease and that reported 
by Axhaussen (1 bib.), Phemister (11, 12), 
Schmorl, Santos, Gastreich and others in the 
necrotic head of the femur resulting from in- 
tracapsular fracture of the neck. There was a 
difference in that the fractures were of shorter 
duration and there was rarely calcification in 
the zone of fibrous invasion and replacement 
by new bone. 

If the lesions were the result of simple ob- 
struction of arteries, what vessels were in- 
volved? In case of the heads of the femurs and 
left humerus and the external condyle of the 
right femur, the epiphyseal vessels could be 
blocked as their branches in adults may be end 
arteries, especially in the case of the head of 
the femur. The lesions in the diaphyses of 
the tibias of Case 1 and of tibias, fibulas, and 
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femurs in Case 2 were in the distribution of 
the nutrient arteries supplying the ends of the 
shaft. But the lower epiphyses of the femurs 
were involved along with the diaphyses in 
Case 1. Assuming that blockage of the nutri- 
ent artery would cause necrosis of the interior 
of the lower end of shaft of femur, it would he 
necessary that there be a reorganization of 
blood supply of the epiphysis after closure of 
the epiphyseal line in order to have it involved 
in a system of end arteries with the shait. 
While the experimental evidence is somewhat 
averse to this theory, there are limited but 
concrete necropsy observations of anemic in- 
farcts in adults involving both ends of shaft 
and epiphysis. 

Kistler blocked aseptically the nutrient ar- 
teries of the femur of the rabbit by the injec- 
tion of finely powdered charcoal which filled 
the vessels to their finer terminals. When epi- 
physeal lines were open, there resulted necrosis 
of medullary contents of diaphysis extending 
sometimes to the epiphyseal cartilage plates 
and also of the inner one-half to two-thirds of 
the cortex. In adult dogs where the lines were 
closed there was more limited necrosis con- 
fined to the medulla away from the ends. 
Simple ligation or division of the nutrient ar- 
tery resulted in either much less or no necrosis. 
This would suggest that obstruction followed 
by thrombosis extending distally to the ter- 
minal branches would be most likely to cause 
necrosis. 

Other evidence that obstruction of the main 
nutrient vessel at one point would not produce 
massive infarction is the fact that it does not 
follow fracture of the shaft of a long bone with 
severance of the nutrient artery. It is ex- 
tremely rare that roentgenographic changes 
are observed after fracture of the shaft of a 
long bone which give the appearance that 
necrosis of a fragment has followed as in the 
case reported by Ransohoff where marked 
irregular absorption of distal diaphysis sug- 
gesting necrosis resulted from fracture just 
above the middle. But 15 months later it had 
largely disappeared and 11 years later the 
roentgenographic appearance was normal, 
showing that if necrosis did occur it was com- 
pletely repaired and that medullary calcifica- 
tion was not a sequel. Injection studies by 
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Fig. 21. Case 4. Slipped left capital femoral epiphysis with dense areas in weight 
bearing portion of head and in the metaphyses beneath the greater trochanters inter- 


preted as necrotic lesions, A. 


Nussbaum, Lexer and others, have shown that 
during childhood small end arteries enter from 
the periphery and supply parts of the met- 
aphysis. According to Nussbaum the epi- 
physeal arteries in childhood are not end 
arteries. That after closure of the epiphyseal 
lines end arteries may come into existence 
which overlap the end of the shaft and the 
epiphysis is shown by the following classical 
case of multiple anemic infarction reported 
by Axhaussen. 


A 46 year old laborer who died of cirrhosis of the 
liver had a large infarct in the upper metaphysis of 
the right tibia and three infarcts of the right femur, 
one of which involved the head and a part of the 
neck, one the lower metaphysis and a small portion 
of epiphysis, and one the mesial condyle bordering 
on the articular cartilage. They were all relatively 
recent infarcts with a zone of fibrous tissue in the 
marrow immediately surrounding the necrotic area 
in which there was beginning absorption of the dead 
bone and replacement by newly formed bone. Mi- 
croscopically there was no sign of infection although 
Streptococcus brevis anhemolyticus grew on cul- 
tures of the infarcts. Axhaussen considered them 
due to vascular blockage by emboli which contained 
the streptococci that were too avirulent to set up in- 
fection in the infarcted fields. It should be noted, 
however, that no emboli were seen in microscopic 
sections of the infarcts; neither were vegetations 
noted on heart valves nor mural thrombi on the 
walls of left heart or aorta. 


Axhaussen maintained that this case sup- 


ports the variously advocated view that Legg- 
Perthes’ disease, Osgood-Schlatter’s disease, 


Koehler’s diseases of the tarsal, navicular and 
metatarsal bones, Kienbock’s malacia, and os- 
teochondritis dissecans are anemic infarcts of 
the epiphyses or short bones. He thought that 
some are due in part and others exclusively to 
bland embolism. Freund, Chandler, and oth- 
ers have reported large areas of aseptic necro- 
sis in the head of the femur, sometimes bilat- 
eral, arising in adults without known cause. 
Multiple necrosing lesions of the epiphyses 
and to a lesser extent of the metaphyses of 
unknown etiology occurring during adolescence 
have been reported by Harbin. The metaphy- 
sis may be involved without the co-existence 
of necrosis of its epiphysis as in the following 
case under the care of Dr. Compere. 


Case 4. A 13 year old girl had slipped epiphysis of 
the head of the left femur, producing symptoms for 
1% years. A roentgenogram (Fig. 21) showed down- 
ward displacement of the head of the left femur and 
flattening and greater density of its weight bearing 
portion indicative of necrosis. Oblong areas of in- 
creased density in the metaphyses were also present 
beneath the greater trochanters, which were inter- 
preted as having undergone aseptic necrosis and as 
being in the process of organization. A roentgeno- 
gram 16 months later showed that the dense shadows 
in the left head and subtrochanteric region had dis- 
appeared and there was great reduction in density of 
the shadow in the right subtrochanteric region. 


It is conceivable that this same process may 
occur in adults and affect nutrient arteries as 
well as metaphyseal and epiphyseal arteries. 
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As to the disease process which blocked the 
arteries in the first 3 cases there is even 
greater uncertainty than as to the exact ves- 
sels that were blocked. Embolism and poly- 
arteritis with or without associated thrombo- 
sis are the two conditions to be considered. 
In Case 1 it is fair to assume that the infarc- 
tion dates from the occurrence of the attack of 
‘‘rheumatism”’ 19 years before as judged from 
the history and the pathology. If the so called 
rheumatism were rheumatic fever, could it 
have produced either embolism or polyarteri- 
tis in the bones with the resultant infarction? 

The old mitral and aortic stenosis may have 
resulted from rheumatic endocarditis but the 
vegetations in rheumatic valvular disease are 
small and firm and are not definitely known to 
give rise to emboli with resultant anemic in- 
farction. Secondary infection in rheumatic 
valvular disease by Streptococcus viridans 
gives the picture of subacute bacterial endo- 
carditis often with visceral infarction and a 
fatal termination in a very high percentage of 
cases. But no reports were found in the litera- 
ture of bone infarcts in subacute bacterial en- 
docarditis, although there is little evidence 
that an extensive systematic search for them 
has ever been made. A strong point against 
embolism from thrombi or vegetations in this 
case is the absence of old infarcts in the other 
organs containing end arteries. Also the math- 
ematical probability that embolism aside from 
gas or fat embolism would produce such sym- 
metrical lesions is so small as practically to 
rule it out. 

Arteritis is known to occur in various infec- 
tious diseases as shown by the recent review of 
the literature by Karsner and Bayless. In a 
complicated case of scarlet fever reported by 
Hoyne there was symmetrical gangrene of the 
hands, feet, cheeks, and ears. Rheumatic fever 
commonly produces coronary arteritis as shown 
by the reports of Von Glahn and Pappen- 
heimer, Karsner and Bayless, and others, and 
sometimes it results in occlusion with or with- 
out thrombosis and severe myocardial dam- 
age. The peripheral arteries, however, are 
much less frequently involved. Von Glahn 
and Pappenheimer found specific rheumatic 
lesions of the arteries of the lungs, kidneys, 
perirenal and periadrenal connective tissues, 


and testes in 10 of 47 autopsied cases of rheu- 
matic carditis. They consisted of isolat«d 
swelling of the endothelium, necrosis of mus- 
cle and elastica, fibrinous exudation and cell}:- 
lar infiltration about the periphery. Necrotiz- 
ing arteries may occur in the aorta and Neale 
and Whitford reported 2 cases which resulted 
in rupture of the aorta and death. No report 
was found of arteritis of the skeletal or any 
other extremity arteries in rheumatic fever. 
This fact and the absence of a history of acute 
arthritis in Case 2 makes it impossible to con- 
clude that rheumatic fever or arteritis was the 
causative factor in either reported case. 

Periarteritis nodosa with or without asso- 
ciated rheumatism produces markedly obstruc- 
tive lesions which, if situated in the bones, 
might well result in infarction; but the fact 
that this patient survived the initial attack 
for 19 years practically excludes it from con- 
sideration since periarteritis nodosa is a fatal 
disease. Arterial spasm as in Raynaud's disease 
or thrombo-angiitis obliterans are highly im- 
probable factors. 

Small septic emboli, which are the initial 
stage of perhaps most cases of pyogenic osteo- 
myelitis, result in infarcts in the ends of the 
shafts of the bones of children. Large septic 
emboli have been held by Axhaussen and Win- 
kelbaur to account for the cases of osteomyeli- 
tis with very extensive bone necrosis and little 
associated pus. However, in these septic cases 
the area of dead bone is soon more or less ab- 
sorbed and sequestrated and the surrounding 
bone invaded by the inflammatory process so 
that the infarct soon becomes unrecognizable. 
If early death occurs, the infarcts may be 
seen. The case of von Volkmann reported in 
1864, was of this kind. 


A 12 year old boy died of acute vegetative endo- 
carditis which produced a septic picture with pain, 
swelling, and abscess in the left ankle region. Nec- 
ropsy disclosed 3 hemorrhagic infarcts of the cal- 
caneus and infarction of the entire talus with sur- 
rounding abscess formation. Two large and 9 small 
infarcts were seen in the lower portion of the left 
tibia, some of them being in the epiphysis. Also a 
large infarct was present in the proximal one-third of 
the right ulna; vegetations on the mitral valves and 
embolism had resulted in septic infarcts with pus in 
lungs, brain, kidneys, and small intestine. As would 
be expected there was a complete lack of symmetry 
in the distribution of the infarcts. 
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‘he chronic arthritis of the left knee in 
Case 1 and of hips and shoulders in Case 2 
may be explained as in caisson disease on the 
theory advocated by Axhaussen, Wollenberg, 
an! others of primary aseptic necrosis of bone 
bordering on the articular cartilage of the 
joint as a result of blockage of its blood supply. 
Necrosis at the knee may have reached the ar- 
ticular surface in some place at the onset in 
which case the cartilage suffered necrosis fol- 
lowed by arthritic changes and the synovia be- 
came secondarily involved. The case reported 
by Hirsch and Ryerson of massive aseptic nec- 
rosis of a femoral condyle had an associated 
chronic arthritis. Also fracture of the neck of 
the femur followed by death of the head and 
bony union results in late arthritis even when 
the head becomes replaced by new bone with- 
out any collapse as observed by one of us 
(D.B.P.) in 2 cases. 


SUMMARY 


A case of symmetrical massive infarcts of 
bones and chronic arthritis of the knee is 
reported which came to autopsy and which 
presented roentgenological and pathological 
findings of the same character as those re- 
ported in caisson disease and published in 
Part I of this series. Two other cases are re- 
ported which presented similar roentgeno- 
logical findings. In no case was there a his- 
tory of work in caissons. In Case 1 there was 
a history of a severe attack of “rheumatism” 
at the onset. Rheumatic fever producing em- 
bolism or peripheral arterial disease and other 
forms of arteritis obstructing intra-osseous 
vessels were’ considered but no proof was 
found at autopsy that any known disease pro- 
ducing vascular lesions was the cause of the 
infarction. In the 2 other cases there was no 
history of disease previous to the onset of the 
extremity and joint pains which initiated the 
clinical manifestations. Undiagnosed fat em- 


bolism was considered because of the sym- 
metrical distribution of the lesions and of the 
history of ancient multiple fractures in Case 
3 and radiographic signs of ancient fracture 
in Case 1. The cases are discussed in relation 
to published reports of idiopathic necrosing 
lesions of the epiphyses and metaphyses seen 
not infrequently in late childhood and adoles- 
cence, and rarely in adult life. They demon- 
strate the réle that vascular blockage followed 
by aseptic necrosis of bone bordering on joints 
may play in the causation of certain forms of 
chronic deforming arthritis. 
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LTHOUGH the external conjugate or 
Baudelocque diameter of the pelvis 
is still,widely employed in obstetric 
mensuration, there is ample evi- 

dence to show that this measurement is totally 

unreliable as a gauge of the true pelvic inlet. 

When Baudelocque recommended the meas- 

urement some 120 years ago, he believed that 

this diameter was in the same plane as that of 
the conjugata vera and, as it were, represented 
simply a linear extension of the conjugata vera 
anteriorly through the symphysis pubis and 
posteriorly through the sacrum. Accordingly, 
in order to estimate the conjugata vera, he 
advised that a figure representing the thick- 
ness of the pubis plus that of the sacrum be 
subtracted from the external conjugate. On 
the basis of measuring 33 pelves at autopsy he 
stated that the figure to be subtracted was 

8 centimeters (‘trois pouces,” 8.116 centi- 

meters). So certain was Baudelocque that the 

thickness of the sacrum and pubis was con- 
stant that he claimed an accuracy in estimat- 
ing the conjugata vera of +2 millimeters (+ 

“une ligne,” 2.25 millimeters). 

It has been known for many years that the 
obstetrical conjugate and external conjugate 
are not in the same plane, as may be seen in 
Figure 1; in many pelves the angle between the 
two diameters is even greater than is shown 
here. This fact alone annuls the theoretical 
basis of Baudelocque’s conception. More im- 
portant is the fact that the thickness of the 
sacrum and pubis is not constant but shows 
the greatest variation. Asa result of these two 
sources of error, the amount to be subtracted 
from the external conjugate to give the con- 
jugata vera is not constantly 8 centimeters but 
as shown by Dohrn, von Schubert, Skutsch, 
Thoms, Schumann, and Yamabe, ranges from 
3.9 to 13.0 centimeters. 

In a study of 115 pelves, some normal and 
some abnormal, we have found that the dif- 
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VERSUS X-RAY PELVIMETRY 


ference between the external conjugate or 
Baudelocque diameter of the pelvis and the 
obstetrical conjugate ranges from 4.93 to 
13.5 centimeters. The great variation in this 
figure is shown in Figure 2, where it may be 
seen that the difference lay between 7 and 9 
centimeters in only 51.3 per cent of the cases; 
in 11.3 per cent the difference was 6 to 7 
centimeters; in 19.13 per cent it was 9 to 10 
centimeters. In view of these facts, which 
incidentally are not new but have been known 
since the days of Baudelocque, it is perfectly 
apparent that the external conjugate meas- 
urement is not only useless but may be mis- 
leading and might well be discarded as an 
obstetric procedure. 

If it be granted that the external conjugate 
measurement is of no practical value, what 
measurement of the pelvis shall the practi- 
tioner of obstetrics employ in determining 
whether the pelvic inlet is normal or con- 
tracted? This question has been answered by 
Thoms with the statement that every primi- 
gravida should have the benefit of x-ray 
pelvimetry. It is certain that no method in 
common use equals x-ray pelvimetry in pre- 
cision. 

Thus Thoms, whose pioneer work in this 
field represents one of the most important 
advances in modern obstetrics, has shown that 
the conjugata vera can be estimated by his 
x-ray method with an error of only 2 milli- 
meters. Similarly, Schumann has shown that 
the Thoms method is accurate to within 2 
millimeters. Using the Hodges method of 
lateral stereoscopic x-ray pelvimetry, we have 
compared in 25 cases the obstetrical conjugate 
as measured by x-ray with the actual obstet- 
rical conjugate as measured at operation by a 
specially devised pelvimeter. The results are 
shown in Table I, where it may be seen that 
the average error was 0.16 centimeter, and 
the greatest error 0.3 centimeter; in 15 out of 
the 25 cases the error was less than o.2 centi- 
meter. 
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Fig. 1. Sagittal view of normal pelvis showing the meas- 
urement of the external conjugate or Baudelocque diam- 
eter; this diameter does not lie in the same plane as the ob- 
stetrical conjugate. 


For ideal obstetrics then, there can be no 
question of the validity of these claims that 
every primigravida should have x-ray pel- 
vimetry. But practically this would mean 
that some 625,000 x-ray studies on primi- 
gravida would have to be carried out each 
year in the United States alone. If this is 
necessary for the safety of our mothers, steps 
should be taken in some way or another to 
make it possible; but the important question 
arises, is x-ray pelvimetry necessary in every 
primigravida in order to determine whether 
the pelvis is adequate for the purpose of 
childbearing? 

The most important single pelvic diameter 
in obstetrics is, of course, the obstetrical con- 
jugate or the shortest anteroposterior diam- 
eter of the inlet. It is upon this measurement 
that Michaelis based all our modern knowledge 
of contracted pelvis. This diameter extends 
from the sacral promontory to the posterior 
aspect of the symphysis, but for obvious reasons 
can not be readily measured directly on the 
living patient. Since, however, it may be 
roughly computed from the diagonal conju- 


NUMBER OF CASES 


Fig. 2. The distribution of the difference between the 
external conjugate (Baudelocque diameter) and the ob- 
stetrical conjugate (x-ray) in 115 cases. Mean difference 
is 8.53 centimeters; least difference 4.93 centimeters; 
greatest difference 13.5 centimeters. 


gate, as may be inferred from Figure 3, this 
latter measurement, the diagonal conjugate, 
has served as a basis for our classification of 
inlet contraction of the pelvis since the time of 
Litzmann. It will be recalled that the diago- 


TABLE I.—COMPARISON OF THE OBSTETRICAL 
CONJUGATE MEASURED BY X-RAY WITH 
THE ACTUAL OBSTETRICAL CONJUGATE 
MEASURED AT OPERATION 


Obstetric Obstetric | 
Case j j Error Case |conju 
No. cms. No. x-ray 

cms. 


Obstetric | Obstetric 
telconjugate 


9.70 


11.36 


10.30 


11.82 


10.79 


8.25 


II.02 


9.22 


10.50 


12.17 


11.38 


11.06 


Average error 0.16 cm. 
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Fig. 3. Sagittal view of pelvis to show the obstetrical 
conjugate and the diagonal conjugate diameter of pelvis. 


nal conjugate measurement is taken as is 
demonstrated in the accompanying diagram, 
Figure 4, and as is described in any textbook 
of obstetrics. 

In case the examiner can not reach the prom- 
ontory of the sacrum, he should, nevertheless, 
direct his fingers toward the promontory and 
press his hand inward as far as possible. If at 
this moment he will take the measurement in 
the usual manner even though his finger has 
not reached the promontory, he will know that 
the diagonal conjugate measurement is greater 
than the figure he has obtained. 

The figure to be subtracted from the 
diagonal conjugate in order to arrive at an 
estimate of the obstetrical conjugate, is vari- 
able and depends upon 3 variations of the 
symphysis pubis, namely, its height, thickness, 
and inclination, and upon one variation of the 
sacral promontory, i.e., its relation in level to 
that of the upper border of the symphysis 
pubis. Of these variations, those relating to 
the symphysis may be measured with at least 
some degree of accuracy, whereas, the level 
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Fig. 4. The measurement of the diagonal conjugate di- 
ameter. The tip of the middle finger is held against the 
sacral promontory, the base of the index finger is elevated 
to the undersurface of the symphysis, and the point where 
this finger passes beneath the symphysis is marked with 
the fingernail of the other index finger. 


of the sacral promontory with relation to the 
superior border of the symphysis can be esti- 
mated only by palpation. As a result, there 
has arisen considerable difference of opinion 
as to the exact amount to be deducted from 
the diagonal conjugate in order to arrive at 
the value of the obstetrical conjugate diam- 
eter. 

Basing their calculations on the general de- 
velopment of the bony pelvis or upon the 
height of the symphysis pubis, Michaelis, 
Eden and Holland, Edgar, and Polak recom- 
mended a deduction of 1.3 to 2.0 centimeters 
from the diagonal conjugate in order to arrive 
at an estimate of the conjugata vera. Jarcho 
uses 1.5 to 2.0 centimeters and these are the 
factors generally employed by both European 
and American obstetricians. Yamabe, de- 
termining from lateral roentgenograms, both 
diagonal conjugate and obstetrical conjugate 
measurements, found a difference varying 
from +0.5 to +2.4 centimeters with an aver- 
age difference of +1.48 centimeters. Sub- 
tracting as the standard difference 1.5 centi- 
meters from the diagonal conjugate he finds 
that in go per cent of the cases the obstetrical 
conjugate is obtained within an error of +0.5 
centimeter. Jacobs found that in moderately 
contracted pelves the true conjugate ap- 
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X-RAY PELVIMETRY 


CONTRACTED PELVIS RANGE 
/ 


NUMBER OF CASES 


Cus. 
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Fig. 5. The distribution of the obstetrical conjugate measurement (x-ray) in 61 
cases in which the diagonal conjugate was greater than 11.5 centimeters. Mean length 
of obstetrical conjugate is 11.41 centimeters; shortest length 10.0 centimeters; greatest 


length 13.72 centimeters. 


proaches, equals, or exceeds in length the 


diagonal conjugate diameter. 

It is the purpose of this paper to present 
evidence concerning the practical value of the 
diagonal conjugate measurement as an index 
of the adequacy of the pelvic inlet for child- 
birth. Does it give the practitioner sufficient 
information about the pelvis for clinical pur- 
poses or should it be superseded, in primi- 
gravida at least, by x-ray pelvimetry? The 
study includes 115 cases in which both the 
diagonal conjugate diameter and the obstet- 
rical conjugate were measured, the latter from 
lateral stereoscopic films by the Hodges 
method. 

In 61 cases, the diagonal conjugate meas- 
urement was found to be greater than 11.5 
centimeters, i.e., it fell within the normal 
range of this diameter. In 15 of these patients 
the promontory was palpated; in the remain- 
der it could not be reached but was measured 
as greater than 11.5 centimeters. Turning now 
to the obstetrical conjugate measurement in 
these 61 cases, it may be seen from Figure 5 
that this diameter ranged from 10 to 13.72 


centimeters. In the whole group there was no 
case in which the obstetrical conjugate meas- 
urement was below 10.0 centimeters, or in 
other words, no case in which there was an 
anteroposterior contraction of the pelvis of 
significant degree. This fact seems to us to 
have considerable practical importance be- 
cause it means that the pelvis in which the 
practitioner has found the diagonal conjugate 
to be greater than 11.5 centimeters may be 
regarded as ample for childbirth in its antero- 
posterior diameter. Thus, in our opinion, a 
diagonal conjugate measurement which is 
found to be greater than 11.5 centimeters rules 
out anteroposterior contracture of the pelvic 
inlet. 

When the diagonal conjugate measurement 
is 11.5 centimeters or less, it is important to 
know precisely what this diameter indicates 
in regard to contraction of the obstetrical con- 
jugate diameter. Within the contracted pelvis 
range, the question we want answered is: 
How much is the obstetrical conjugate con- 
tracted? We have already indicated that con- 
siderable difference of opinion exists concern- 


Fig. 6. The distribution of the difference between the 
diagonal conjugate and the obstetrical conjugate (x-ray) 
in 54 cases in which the diagonal conjugate measured 11.5 
centimeters or less. Mean difference is +-1.26 centimeters; 
greatest difference + 3.14 centimeters; least difference 
+o.10 centimeters. 


ing the figure to be subtracted from the diag- 
onal conjugate in order to obtain the obstet- 
rical conjugate. In our total series of 115 
cases, there were 54 instances in which the 
diagonal conjugate diameter was 11.5 centi- 
meters or less. The difference between the 
diagonal conjugate and the obstetrical con- 
jugate is shown in Figure 6. It is perfectly 
clear from this chart that this figure is not 
constant but ranges from +0.2 centimeter to 
more than +2.0 centimeters. In 27 cases or 
exactly one-half it ranged between 1.0 and 1.6 
centimeters; in 15 cases or more than one- 
quarter it was below 1.0 centimeter; in 12 
cases or more than one-fifth it exceeded 1.6 
centimeters. Within the contracted pelvic 
range then, the diagonal conjugate measure- 
ment does not yield the precision we should 
like in regard to the obstetrical conjugate. 
Indeed, a diagonal conjugate measurement of 
10.5 centimeters may be associated in one 
case with an obstetrical conjugate of 10.2 
centimeters and in another case with one of 
8.2 centimeters. In the former instance, the 
patient would probably deliver spontaneously 
without difficulty, but in the latter she would 
likely meet with grave pelvic dystocia. 

What then are we to conclude concerning 
the relative value of the diagonal conjugate 
measurement and x-ray pelvimetry in ob- 
stetrics? 
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As we have indicated, it is our opinion 
that a carefully performed diagonal conju- 
gate measurement which exceeds 11.5 centi- 
meters rules out anteroposterior contraction 
of the pelvis. We do not feel that routine x-ray 
pelvimetry is necessary in this class. It should 
be noted that into this group will fall more 
than go per cent of all white women. On the 
other hand, when the diagonal conjugate meas- 
urement is 11.5 centimeters or less, the in- 
formation given by this diameter is only of an 
approximate character. It may be argued 
that there are so many other factors in labor, 
namely, the size of the baby and the char- 
acter of the uterine contractions, that an ap- 
proximation is enough. We do not agree with 
this viewpoint. The very fact that these other 
factors are difficult to evaluate accurately, 
makes it all the more important, in cases of 
contracted pelvis, that we should have as 
precise information as possible concerning the 
one factor that we can measure with precision. 
Accordingly, we believe that patients in whom 
the diagonal conjugate measurement is 11.5 
centimeters or below, certainly when it is 
under 11 centimeters, should be given the 
benefit of that precision in pelvimetry which 
only x-ray methods can yield. 


CONCLUSIONS 


1. The external conjugate measurement of 
the pelvis is a misleading obstetric procedure 
and might well be discarded. 

2. The diagonal conjugate measurement is 
of great value for the reason that this diam- 
eter, when greater than 11.5 centimeters, 
rules out anteroposterior contraction of the 
pelvis. 

3. When the diagonal conjugate diameter is 
11.5 centimeters or less the information given 
by this measurement is of an approximate 
character only and x-ray pelvimetry is de- 
sirable. 

4. In measuring the obstetrical conjugate 
the Hodges stereoscopic method of x-ray pel- 
vimetry gives an average error of +0.16 centi- 
meter and a maximum error of +0.3 centi- 
meter. 


The author wishes to express sincere appreciation to 
Dr. J. W. Pierson and his staff for roentgenological assist- 
ance. 
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UMEROUS methods of treatment 
for non-union of the neck of the 
femur have been advised and em- 
ployed. Chief among these are (1) 

those of the osteosynthetic method: sutures, 
short metal, bone or ivory pins or screws, 
grafts, Kirschner-wire, the Smith-Petersen 
nail, the method of Boehler, Sven Johanson, 
etc.; (2) plastic resections and extirpations of 
the head; and (3) reconstruction operations 
such as those of Albee, Brackett, and Whit- 
man, with their various combinations and 
modifications, as well as those advocated by 
Froehlich, Spitzy, Lexer, and many others. 

Although many requirements for an ideal 
treatment of fractures have been achieved, 
and many studies have been made of the 
anatomical conditions of the neck of the femur 
in relation to the formation of callus, the 
chances for direct stimulation of such forma- 
tion have not been improved very considera- 
bly. Another approach, therefore, proved to 
be of great importance in the further develop- 
ment of this problem, namely a method of 
supportive osteotomy presented by Lorenz 
and Schanz. 

Lorenz rediscovered an operation the de- 
scription of which was first published in 1894 


by Kirmisson in the Revue d’Orthpedie. This 


operation had been used by Hoffa, Drehmann 
and Froehlich, but had been forgotten. 
Lorenz saw as an important factor of his 
“bifurcation” the support given to the 
acetabulum by the angle of the osteotomy 
fragments. v.Baeyer, who developed the same 
method, believed the increased tension of the 
pelvotrochanteric muscles to be the most im- 
portant factor. Schanz used another osteot- 


: From the Department of Surgery, Division of Orthopedics, 
University of California Medical School, and the Orthopedic 
Service of Mt. Zion Hospital. 
Presented at the fifth annual meeting of the Western Ortho- 
pedic Association, Seattle, Washington, July 28-30, 1937. 
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omy which provided support for the lower 
border of the pelvis by angulation of the frag- 
ments of the femur. This subtrochanteric 
osteotomy, originally worked out for the 
treatment of congenital dislocation of the hip, 
results in artificial lengthening of the leg, 
abduction, and prevention of further upward 
gliding of the head. Hass modified the method 
of Lorenz and Schanz and recommended the 
intertrochanteric osteotomy. 

These methods, already suggested as means 
of support to the pelvis, thereby reducing the 
weight bearing of the head, and the recon- 
struction of the physiological relations of 
muscle, led finally to the work of Pauwels, 
Camitz, and McMurray. 

The operation which Camitz (Gothenburg) 

described in a publication, 1931, was based on 
observations on the gliding mechanism of the 
trochanter, which caused a steady up and 
down movement in the fracture line, and thus 
led to resorption and necrosis. Camitz per- 
formed a straight or wedge shaped extra- 
capsular osteotomy in the upper part of the 
femur with an angulation of the fragments of 
from 20 to 30 degrees in order to restore the 
support of the weight of the body to its normal 
place under the center of the acetabulum. 
. This was also McMurray’s idea, and the 
results of the two operations are almost 
identical. Both of these methods of osteotomy 
considered the damaging influence of shearing 
forces upon the fragments, and tried to 
eliminate them as nearly as possible. One 
decisive factor in the maintenance of the non- 
union was improved thereby, namely, the 
mechanical alterations and correlations of the 
fragments. The factor remaining was the 
ability of the bone to form callus. 

Pauwels attacked the problem by con- 
structing new physiological conditions which 
might, through their mechanical efficiency, 
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Fig. 1, left. Drawing showing the direction and quality of pressure, R, acting 
on the heads of both femurs as the subject stands on both legs. S, is the point of 


gravity. 


Fig. 2. Drawing demonstrating the change in the direction of the pressure on 
the head of the femur as the subject walks. R, is the pressure on the head; M in- 
dicates the muscle forces in effect; and K, the proportional weight of the body. 


S; is the point of gravity. 


increase the ability of the bone to form callus 
and, at the same time, give sufficient stability 
and support to the pelvis. In 1929, he 
published the first reports on the actual pro- 
portions of strength and effectiveness of those 
forces which influence regeneration of the 
fractured neck of the femur. In these reports 
he demonstrated how, depending on their 
strength and’ quality, mechanical forces influ- 
ence the healing process. 

The basis of Pauwels’ ideas is the law of 
Roux, the anatomist, namely, that functional 
pressure promotes the formation of bony 
callus; while, on the other hand, tension or 
shearing force not only inhibits the formation 
of callus but also stimulates the formation of 
fibrous connective tissue. This law is of 
special importance in dealing with the neck 
of the femur because of its particular anatom- 
ical construction. 

In brief, Pauwels’ conclusions on the 
mechanical relations of the fracture and 
femoral neck are: The head of the femur is 


exposed to a certain amount of pressure in a 
vertical direction, which changes greatly with 
the position of the body. Figure 1! shows the 
direction of this pressure, R, with a normal and 
symmetrical stand on both legs. During the 
period of standing on one foot while walking 
the direction of pressure changes as is demon- 
strated in Figure 2. S; is the point of gravity, 
K the proportional weight of the body, M the 
effective muscle forces. These relations differ 
greatly under pathological conditions. In a 
limping walk due to a disturbance to the hip, 
the general distribution of forces is as shown 
in Figure 3, f.z. 

When the neck of the femur is fractured, the 
general pressure force, R, is divided into two 
partial forces (Fig. 4), the actual pressure 
component, P, and a shearing component, S, 
which has the gliding tendency. Both of these 
are important because of their biological effect 
on the formation of new bone, and the course 


1Figures 1 to 6 are taken from Pauwels’ Der Schenkelhalsbruch, ein 
mechanisches Problem. 
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Fig. 3. Drawing showing the distribution of the forces 
illustrated in Figure 2, in a subject who walks with a limp 
caused by injury to the hip (see Fig. 2). 


of the process of healing will be determined by 
which of these 2 forces is predominant. Ac- 
cording to the law of Roux, if the shearing 
force outweighs the pressure force, the growth 
of bony callus will be prevented, but forma- 
tion of connective tissue will be stimulated. 
This shearing tendency also causes a tractive 
force, either of which is able to transform even 
well developed bony tissue into faulty con- 
nective tissue. 

The effect of free shearing force varies 
greatly since it depends on the direction of the 
fracture line, that is, the angulation of the 
fracture line in relation to the transverse 
diameter of the pelvis. Pauwels proved that 
this force becomes effective first when the 
angle is about 25 degrees. At a smaller angle, 
functional pressure alone acts upon the regen- 
eration. With an increasing angle there is less 
pressure and increased shearing. 

The head fragment can be exposed to 3 
mechanical forces different in principle, name- 
ly, pressure, shearing, and tension. For pur- 
poses of prognosis and therapy, therefore, 3 
groups of fractures can be distinguished: 
(1) Fractures of the first degree in which the 
angulation of the fracture line to the trans- 
verse diameter of the pelvis is 30 degrees or 
less. The mechanical force results in func- 
tional pressure only, or at least predominant- 
ly, upon the zone of regeneration. (2) Frac- 


Fig. 4. Drawing showing the change in the pressure force 
after fracture of the neck of the femur. R (see Fig. 1) is 
now divided into the pressure component P, and a shearing 
component S. 


tures of the second degree with the angle of 
the fracture line above 30 degrees. The 
mechanical force in this fracture is free shear- 
ing, S, and the force of pressure does not 
operate. (3) Fractures of the third degree in 
which the fracture line is usually above 70 de- 
grees. In these cases the mechanical force is 
that of free shearing, S, combined with 
traction or tension, 7, thus constituting two 
injurious forces (Fig. 5). 

As Pauwels found that free shearing force is 
almost eliminated when the angle of the 
fracture line is less than 30 degrees, any 
therapeutic procedure should diminish the 
existing angle to one of 30 degrees or even 
less, so that only the pressure component will 
act upon the fragments. The operation ful- 
filling these conditions is called “reclination.” 
Its object is to transform the existing fracture 
into a fracture of the first degree according to 
the classification given above, so that the 
mechanical force, existing in the non-union, is 
changed from shearing or tension to functional 
pressure. The operation of reclination is, 
therefore, different from all other methods 
because, instead of merely applying support 
to the fracture in an attempt to induce heal- 
ing, this operation utilizes a new principle, 
functional pressure, as a healing agent. 

The orthopedic significance of the Pauwels 
operation is the change in the mechanical set- 
up to obtain a physiological basis for the heal- 
ing of the fracture. The angle of the fracture 
line, in relation to the transverse diameter of 
the pelvis, is changed so that it becomes less 
than 30 degrees. This leads not only to cor- 
rection and adjustment of anatomical fea- 
tures, but also to a physiological stimulation 
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ig. 5. A, Drawing showing a fracture of the first degree; 
the angle of the fracture line is 30 degrees. Only the pres- 
sure force is in operation. B, A fracture of the second 
degree; the angle of the fracture line is 50 degrees. Only the 
shearing force S is in operation. C, A fracture of the third 
degree in which the angle of the fracture line is 70 degrees. 
The shearing force, S, and the tension force, 7, are both in 
operation. 


of the formation of callus. The technical, 
merely preparatory, procedure of reclination 
is accomplished by means of Schanz’ high 
subtrochanteric osteotomy. 

The procedure is as follows: The degree of 
the angle between the line of the fracture and 
the transverse diameter of the pelvis is deter- 
mined. The roentgenogram is best taken 
when the patient is in a standing position with 
the legs parallel. If such a film cannot be ob- 
tained, the method as demonstrated in Figure 
7 will give satisfactory results. In order to 
achieve an angle of less than 30 degrees the 
number of degrees the fracture line must be 
decreased is calculated. An osteotomy either 
straight or wedge shaped is performed below 
the lesser trochanter. Prevention of later self- 
straightening of the fragments, as has been 
frequently seen, makes a removal of a wedge 
advisable. 

The most important orthopedic procedure 
actually consists in rotating the head of the 
femur and the fracture line downward to the 
angle determined necessary for an effective 
direction of pressure force; this can easily be 
done by rotation of the head halfway down- 
ward and the rest of the correction may be 
obtained by abduction of the distal fragment 
oi the shaft. The osteotomy fragments are 
fived in the desired position. The use of 
S: hanz’ screws or pins, which are later incor- 


Fig. 6. Drawing illustrating the effects of the change in 
the angle of the fracture line. A shows the normal condi- 
tions, the physiological body-gravity, R, and its pressure, 
P, upon the head of the femur, the position of the greater 
trochanter, 7, and the physiological tension of the pelvo- 
trochanteric muscles. B shows the conditions existing in 
non-union of the neck of the femur: the free acting shearing 
force Ks, the upward displacement of the greater trochanter 
and the disarrangement of the coordination of the pelvo- 
trochanteric muscles. C, After the reclination operation, 
the pressure force, P, is again in operation; the free shearing 
force has been eliminated, downward replacement of the 
greater trochanter has been accomplished, further displace- 
ment is prevented, and the pelvotrochanteric muscles are 
again coordinated. 


porated into the cast, is very helpful. One is 
driven into the upper fragment, connecting 
the greater trochanter and the head of the 
femur, which facilitates the rotation of this 
part and prevents moving or slipping of the 
head. The other pin is placed below the site 
of the osteotomy. These pins not only allow 
exact measuring of the angulation, but also 
guarantee dependable fixation. These two 
factors, rotation of the fracture line and fixa- 
tion of the osteotomy fragments, are the im- 
portant features for achieving the expected 
result of the reclination. 

The rest of this operation is technically 
very simple. The proximal screw should be 
inserted at a right angle to the femur. The 
distal screw is placed at an angle of go degrees 
minus the angle around which the fracture 
line is to be rotated. This allows the lower 
screw to be brought parallel to the upper one 
after the osteotomy (Fig. 8). If a wedge 
shaped osteotomy is done, the point of the 
wedge should be directly underneath the 
trochanter minor. It is advisable to make the 
distal line of the wedge more or less straight 
transversely with the upper line slanting 
downward. This will prevent an upward glid- 
ing of the distal fragment before the cast is 
applied. 
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Fig. 7. Drawing to illustrate the calculation necessary 
for the Pauwels’ operation. A, The angle of the fracture line 
to the transverse diameter of the pelvis is 60 degrees. 
B, The angle of the fracture line is rotated so that it be- 


One of the advantages of this operation is 
that minor technical failures do not affect the 
end-result. In the first case done in California, 
the displacement mentioned occurred, that is, 
slipping of the distal fragment. The x-ray 
film (Case 1) showed a result almost like that 
of a bifurcation, yet there was no delay or 
disturbance in healing. Neither does it matter 
whether the site of the osteotomy is chosen 
slightly above or below the determined place, 
a factor which in other types of procedures 
may doom the operation to failure. 

In addition to those mentioned, other ad- 
vantages are: The original fracture and the 
osteotomy fragments are firmly fixed by 
means of the pins or screws which are incor- 


porated into the cast (a single spica including 


the foot). Any motion of the fragments is 
prevented, and the patients suffer no pain. 
They can easily be moved in bed without 
great discomfort, so that the treatment during 


the entire period in which the cast is on can be . 


managed easily and comfortably. The patient 
can be turned upon his abdomen frequently if 
he chooses or if delayed bowel movement 
makes it necessary. 

In the average case a slight formation of 
callus around the osteotomy should be present 
by the sixth week after operation. At this 
time the screws are removed. Two days later 


comes less than 30 degrees (in this instance, 28 degrees). 
A rotation of 32 degrees was required. C, To accomplish 
the rotation required, a wedge, with an angle of 32 degrees 
at the point, is removed. D, The end-result. 


the cast is opened and the patient remains for 
2 or 3 days in the lower shell, which is then 
removed. Almost from the beginning the 
patient is advised to exercise his quadriceps 
muscles and is taught to do so. In most cases 
I removed the lower part of the cast, from the 
knee joint down, about the third or fourth 
week and advised exercises to prevent stiffness 
in the knee after removal of the cast. Such 
stiffness will delay the entire progress. After 
the seventh or eighth week the patient should 
be able to be out of bed part of the time. Any 
forced movements are strictly forbidden. The 
patient may receive some heat and careful 
massage, and should be able to move about on 
crutches after 5 or 6 days. After walking 
about 2 weeks with crutches in the hospital he 
should go home with canes, that is, at or 
about the tenth week after operation. 

It is not necessary to wait until callus has 
formed in the fracture; this usually takes 
several months; but, in spite of this fact, the 
bearing power of the injured leg will develop 
surprisingly fast, and a comparatively fast 
resumption of work can be expected. A tailor 
(Case 1) and a secretary (Case 2) were able to 
work 12 weeks after the operation. Patients 
between the ages of 12 and 65 years have been 
operated on, and no failures have been re- 
ported so far. The length of time after the 
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injury does not seem to make much difference 
ir the final result; in the literature are reports 
o! cures 214 years after the fracture. One of 
my own patients (Case 1) was operated on 6 
years after injury. 

’ As has been explained, reclination is ex- 
pected to result in physiological stimulation of 
t»e formation of callus and stabilization of the 
fracture. Moreover we find the following 
s.condary results no less important: (1) in- 
creased abduction of the injured leg; (2) 
l-ngthening of the leg to partial or full correc- 
tion of the shortening; and (3) disappearance 
o! the Trendelenburg phenomenon. 

The elimination of the shearing force is the 
primary requisite for a successful osteotomy 
ol the neck of the femur. The various types of 
osteotomy advised for these non-united frac- 
tures have proved successful for the most 
part. Although devised primarily to relieve 
the head of the femur by giving additional 
support, they also resulted usually in the 
elimination of shearing forces. It is this 
feature which made them successful. Gaens- 
len, who first mentioned the name of Pauwels 
in the American literature, advocated Schanz’s 
high subtrochanteric osteotomy, ‘provided 
that the distal fragment of the neck can be so 
placed as to provide an under pinning for the 
head and, therefore, an elimination of the 
shearing action at the fracture site.”” While 
this is possible only when the angle of the 
fracture line is reduced, Pauwels’ reclination 
has the latter as its starting point. Naturally, 
there can be no one method of treatment for 
the non-united fracture of the neck of the 
femur, for every different kind of fracture has 
its special mechanical correlations. It is 
necessary, therefore, to know the acting 
forces and their mechanical effectiveness in 
each case. 

The results of the reclinations done so far 
have proved very satisfactory. The com- 
paratively simple procedures which make the 
exposure of the joint, capsule, or fracture line 
unnecessary, considerably reduce the risk of 
any major operation of this type. 

It has been demonstrated that after the 
reclination operation, even a fibrous union 
may be transformed into real bony tissue 
which is proof of the effectiveness and im- 


Fig. 8. A, left. The proximal screw should be inserted at a 
right angle to the femur, and the distal screw at an angle of 
go degrees, minus the angle around which the fracture line 
is to be rotated. B, After the osteotomy the 2 screws are 
parallel. 


portance not only of the mechanical forces but 
also of the change and restoration of the 
physiological forces. The knowledge that 
mechanical forces decidedly influence the 
healing process of the fractured neck of the 
femur brings the problem considerably closer 
to a solution, improves the prognosis, and 
after more experience, will probably greatly 
affect our indications for operation. 


CASE HISTORIES 


CasE 1. (Figs.9, 10). S.M.,a tailor, 52 years of 
age, was first seen in September, 1935. Six years 
previously he had fractured the neck of the left 
femur. He wore a cast for 3 months, then began to 
walk with a spica cast applied from hip to knee. 
After 2 months of this, he walked with crutches and 
later with a cane. He was unable, however, to walk 
more than 3 or 4 blocks without becoming tired and 
suffering pain in the left hip. This had become worse 
during the last 2 years. 

On examination, the left leg was found to be 1% 
inches shorter than the right and the muscles were 
atrophied. Flexion of the hip joint was 25 degrees, 
abduction 20 degrees, and adduction 15 degrees. The 
Trendelenburg phenomenon was positive. X-ray 
examination showed a non-united fracture of the 
neck of the left femur. 

Pauwels’ reclination was done on October 29, 
1935, and, on December 10, the cast was removed 
from the knee down. Six days later the screws were 
removed and, on December 24, the remainder of the 
cast was taken off. Within a week the patient was 
allowed to sit on the side of the bed, and on January 
I, 1936, he was able to walk with crutches. On the 
sixteenth he was discharged from the hospital, using 
canes. One week later he returned to his work as a 
tailor and, a month after his discharge from the hos- 
pital, he was able to walk without the use of a cane. 
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Fig. 9. (Case 1). A, Roentgenogram showing the condition before operation, more 
than 6 years after the accident; B, 4 weeks after operation, C, A year and a half 


after operation. 


Examination 9 months after his discharge, showed 
the left leg to be only half an inch shorter than the 
right; abduction was 40 degrees and the Trendelen- 
burg phenomenon was negative. He was able to 
stand on the left leg without difficulty and walked 
with no pain or discomfort. His limp was very slight. 

CASE 2. (Figs. 11, 12). Miss H. C., 30 years of 
age, fractured the neck of the right femur in October, 
1933. She wore a cast for 3 months, but had no fur- 
ther treatment. She used crutches for 5 months. 


Fourteen months after the injury, she first noticed 
discomfort and a “‘cracking”’ sound in the right hip, 
which disappeared. Six months later, discomfort and 


the ‘cracking’ became worse so that she began to 
limp, and within a few months she was unable to 
walk without crutches. She could bear no weight on 
her right leg. 

Examination in February, 1936, showed the right 
leg to be 134 inches shorter than the left, and muscu- 
lar atrophy was noted. There was no abduction or 
rotation and flexion was limited to about 60 degrees. 
X-ray examination showed a non-united fracture of 


Fig. to. (Case 1). Nine months after operation. 


- the aid of a caliper brace. 


the neck of the right femur with atrophy of the head 
and arthritic changes of the head and acetabulum. 

Pauwels’ reclination was done on February 5, 1936. 
After 4% weeks the lower part of the cast was cut 
off, and the screws were removed a week later. The 
remainder of the cast was taken off on March 21. 
Because of pyelitis and nephrolithiasis, the patient 
was unable to be out of bed until April 1, when 
she began to walk with crutches. Two weeks later 
she was discharged from the hospital, able to walk 
with the aid of 2 canes, and by May 1, she resumed 
her work as a secretary. 

This patient was examined again on July 1, 1936. 
At that time she walked comfortably without sup- 
port, suffered no pain, and had a scarcely perceptible 
limp. The right leg was about three-quarters of an 
inch shorter than the left. The Trendelenburg phe- 
nomenon was not evident. 

CasE 3'. F. W. B., a painter, 49 years of age, suf- 
fered a fracture of the neck of the right femur in 
May, 1935. Traction was applied and a Thomas 
splint was used. A week after the accident, a Whit- 
man reduction was performed and a cast was applied. 
In September, he began to walk on crutches, with 
Two months later a 
roentgenogram showed non-union and an increased 
absorption of the neck of the femur. 

On December 5, 1935, Pauwels’ reclination was 
performed and, on January 17, the cast was removed 
from the knee down. On January 31, the screws and 
the rest of the cast were removed. Four days later 
he was able to be up on crutches. He had unusual 
difficulty in adducting the right leg and flexing the 
right knee. On March 20, 1936, he was discharged 
from the hospital. At present he has neither pain 
nor discomfort, and walks with a very slight limp. 

CasE 4.2 F. F., a seaman, 22 years of age, frac- 
tured the neck of the right femur on August 28, 1936. 
Traction was employed for 1 month; then manipula- 


1Patient of Dr. L. D. Prince's. 
2Patient of Dr. E. M. Townsend. 
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Fig. 11. (Case 2). A, Roentgenogram showing the pa- 
tient’s condition before operation, 24 years after injury. 


tion was performed and a cast applied. The patient 
used a walking caliper brace until May, 1937, when 
the roentgenogram showed non-union still present. 

On May 24, 1937, Pauwels’ reclination was done. 
On July 8, the screws were removed and 1 week 
later the cast was taken off. Within a week he was 
able to walk with two crutches and early in August 
he used only one cane. In October, he was dis- 
charged to return to duty which would not require 
long periods of walking or standing. 

CasE 5.! Mrs. T. B., 45 years of age, had a frac- 
ture of the neck of the left femur on December 24, 
1936. It was reduced and a cast applied. The patient 
remained continuously in bed for 5 months when 
x-ray examination showed non-union of the fracture. 

On May 24, 1937, Pauwels’ reclination was done. 
On July 8, the screws were removed and 1 week later 
the cast was taken off. The osteotomy had united, 
but there was a contracture of the left knee; the 

‘Patient of Dr. E. M. Townsend. 


Fig. 12. (Case 2). 


A, Before operation; B, 15 months 
operation. 


B, Roentgenogram taken 5% weeks after operation. 
C, Roentgenogram taken 15 months after operation. 


right knee was slightly affected also. The patient 
was very nervous, both legs were tender, and she 
refused to attempt any exercises. For many weeks 
she could not stand, even with the support of 
crutches. By December, 1937, however, she was 
able to walk comfortably on crutches. 

Case 6. (Fig. 13). Mrs. G. B., 36 years of age, 
sustained a fracture of the neck of the right femur in 
March, 1933. Traction was used, then a Whitman 
cast, and finally a supportive walking brace. A 
roentgenogram made in January, 1934, showed non- 
union. Pauwels’ reclination was done on April 11, 
1934, and the patient left the hospital 1014 weeks 
later. Within 4 months after discharge she was able 
to engage in her usual activities. 

CasE 7.2 (Fig. 14). G. D., a lumber worker, 56 
years of age, fractured the neck of the right femur 
on April 11, 1937. A Whitman cast was applied, but 
on July 28, no union had occurred. Pauwels’ reclina- 

2Patient of Dr. John and Dr. Edward LeCocq, of Seattle. 


Fig. 13. (Case 6). A, left. Roentgenogram 9 months after 
accident, before operation; B, 6 months after operation. 
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Fig. 14. (Case 7). A, Roentgenogram taken 3 months after 
the accident, before operation. B, Roentgenogram taken 


tion was done on August 1. Seven weeks after opera- 
tion, the screws were removed and a week later the 
cast was taken off. Two days after removal of the 
cast, the patient was up on crutches. On October 6, 
however, the patient was dropped by a hospital 
employee and had to be kept in bed for several 
weeks. He was discharged from the hospital on 
November 3, 1937, still using crutches. By January, 
1938, he was able to walk without support. 


All these patients had satisfactory results as 
to the expected features. The youngest 
patient was 22, the oldest 56 years of age. 
The latter, (Case 7), was operated on soonest 
after injury (4 months). It was felt that the 
delayed union would lead to a long period of 
disability even if a later union should occur, 
and that the operation might shorten the 


convalescence. Case 1 is interesting because 


it demonstrates that, even 6 years after the 
fracture, the defectively built union between 
neck and head was gradually being trans- 
formed into bony callus. Because of the in- 
creased stability after the operation this man, 
as well as the patients described in Cases 2, 4, 
and 6, were able to start work long before the 
formation of callus was evident in the roent- 
genograms. 

Two patients had never walked during the 
time between the accident and the operation. 
A third one walked a few months with 
crutches and caliper brace (Case 3). He had 
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c 


3% weeks after operation. C, Roentgenogram 8 weeks 
after operation. 


difficulty mostly in adduction of the affected 
leg and flexion of his knee joint which caused 
some delay in his return to work. Stability 
and weight bearing were satisfactory about 10 
weeks after the operation. In Case 5, there 
was an unusual weakness and atrophy of both 
legs as well as stiffness of both knee joints. 
Several weeks after the cast was removed, 
sufficient stability of the leg could be proved, 
weight bearing was possible, and passive 
motions in all directions had greatly im- 
proved. Yet there was extremely slow 
progress in walking. In Cases 3 and 5, the full 
length of the cast was kept on for about 7 
weeks, a fact which indicates the importance 
of the early use of motion and exercises, es- 
pecially of the knee joints. Even though the 
patient might be slightly more comfortable in 
the full length of the cast, it is advisable to 
remove the cast from just above the knee 
downward at about the third to fourth week. 
This procedure is particularly wise in those 
patients who, before the operation, show either 
marked muscular atrophy or limitation of the 
mobility of the knee. 


SUMMARY 


Pauwels found that shearing and traction 
forces decidedly hinder the healing processes 
of the fractured neck of the femur, thus lead- 
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ing to non-union. Their damaging action 
cannot only be eliminated but can actually be 
transformed into physiologically important 
pressure forces by changing the mechanical 
requirement, that is by decreasing, to less 
‘nan 30 degrees, the angle of the fracture line 
\ the transverse diameter of the pelvis. This 
operation, called reclination, is accomplished 
ly means of Schanz’ high subtrochanteric 
osteotomy. 

The results expected and obtained in all the 
patients operated on so far, are: 

1. Physiological stimulation of the forma- 
tion of callus as a result of the elimination of 
the shearing forces and the substitution of 
pressure forces upon the fragments. 

2. Prevention of further displacement 
through upward gliding of the fragment of 
the shaft. 

3. Stability of the affected leg with the safe 
bearing of weight. 

4. Reconditioning of the pelvotrochanteric 
muscles. 

5. Downward replacement of the greater 
trochanter. 

6. Increased abduction of the injured leg. 

7. Artificial lengthening of the leg. 

8. Disappearance of Trendelenburg’s phe- 
nomenon. 

In addition the reclination operation has 
certain advantages not found in other 
methods: 

1. The operation is technically simple and 
can be performed in a comparatively short 
time. 

2. There are few chances for technical 
failure. 

3. There is little pain after the operation. 

4. The management of treatment during 
the period when a cast must be worn is easy, 
as is the after-treatment. 
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5. The period of hospitalization is com- 
paratively short, (usually from 10 to 11 
weeks). 

6. Early bearing of weight may be per- 
mitted; it is not necessary to wait for the 
formation of callus. 

7. The patient may return to work com- 
paratively early. 

I wish to express my thanks to Dr. L. D. Prince, Dr. E. 
M. Townsend, chief surgeon of the U. S. Marine Hospital, 
San Francisco, and to Dr. John and Dr. Edward LeCocq, of 


Seattle, for their co-operation in allowing me to use their 
material for operation and presentation of these cases. 
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ODAY there is little need to justify 
plastic surgical procedures on the pendu- 
lous breast. It is a field as genuine as 
any other in reconstructive surgery pro- 
vided its limitations are recognized and the cases 
are carefully selected. Mammary hypertrophy 
and ptosis probably result from hereditary influ- 
ences, glandular excesses, or deficiencies, repeated 
pregnancies, obesity, or other factors acting on a 
poorly fixed structure. A constantly repeated 
series of physiological changes gives little oppor- 
tunity for the recovery of lost tone. The retro- 
mammary fascia and suspensorium mamme are 
in themselves weak supports, and are unable to 
sustain any prolonged increase in the weight of the 
breast. The skin, probably the most important of 
the fixative structures, must retain its tonal qual- 
ity and elasticity if increase in gland weight is not 
to be followed by stretching and mammary de- 
scent. The difference between the ordinary ptotic 
breast and the huge hypertrophy of gynecomastia 
is probably determined by these hereditary and 
mechanical factors and the degree of endocrine 
influence. 


TYPES OF MAMMARY HYPERTROPHY 


1. Long flabby pendulous breasts with or with- 


out glandular hypertrophy of the most dependent 
portion and characteristic of the adolescent girl of 
otherwise normal build. Such breasts in all proba- 
bility are of purely hereditary and endocrine 
origin. 

2. Broad heavy breasts which develop with 
obesity and are associated with it and with preg- 
nancy. 

3. Sac-like dependent breasts following obesity- 
reduction and pregnancy. 

4. True gynecomastia. A hypertrophic condi- 
tion of the glandular elements of the breast result- 
ing in one of enormous proportions. These cases 
are not common. 


CLINICAL SURGERY 


FROM ST. BARTHOLOMEW’S HOSPITAL 


THE TECHNIQUE OF MAMMAPLASTY IN CONDITIONS 
OF HYPERTROPHY OF THE BREAST 


SIR HAROLD GILLIES, C.B.E., F.R.C.S., F.A.C.S. (Hon.), and 
ARCHIBALD H. McINDOE, M.S., M.Sc., F.R.C.S., F.A.C.S., London, England 
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5. Asymmetry. This is probably a congenital 
deformity. 

Primarily the indications for operation are con- 
cerned with the undesirable symptoms produced 
by the size of the breasts themselves, i.e., weight, 
general tiredness, backache, faulty posture, sub- 
mammary intertrigo, and so forth. Many of these 
enlarged breasts are painful, and the patient can 
be observed in the out-patient department of the 
hospital supporting the breast with her hand 
while waiting for examination. Limitation of so- 
cial activities are of importance, for riding, swim- 
ming and dancing become impossible, and the 
patients often exhibit psychic disturbances as a 
consequence. It is prudent, however, to be cau- 
tious with many of these patients for we are deal- 
ing with a type in whom no plastic operation 
should be undertaken without great circumspec- 
tion. It is important to discriminate carefully be- 
tween those who will derive lasting benefit and 
happiness from operation, and those who will 
never be satisfied whatever is done. The proce- 
dure should be fully explained to the patient and 
the nature of the scars shown to her, if possible by 
means of photographs, so that she fully realizes 
what. the end-result will be. 

This is an operation of considerable magnitude. 
It is done largely for the comfort of the patient so 
that if it is worth while the risk must be corre- 
spondingly small. The patient must be in good 
health prior to operation, and the operation itself 
conducted under ideal circumstances. Complete 
physical examination should be insisted upon, and 
the co-operation of the patient’s general practi- 
tioner sought in order that nothing is overlooked. 
Operation should not take place during the men- 
strual period. Patients in poor general condition 
and particularly those of asthenic habits with bad 
skins should be avoided, or given an opportunity 
of putting themselves in the best possible condi- 
tion. One should eliminate those who might be 
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considered mentally and physically unsuitable for 
they will prove as unsatisfactory as do similar pa- 
tients with any plastic operation. The complica- 
tions to be feared should be carefully explained to 
the patient before operation. In our experience 
they have not been serious but may be trouble- 
some. Despite the magnitude of the operation 
there has been no mortality and the dangers are 
purely those of a general surgical nature. The 
commonest is necrosis of areas of the skin flaps 
used in the reconstruction, but with improvement 
in technique and care taken not to make these 
skin flaps either too thin or too long this should 
rarely occur. Partial necrosis of the pedicles or 
the nipple is now a rare complication and occurred 
more frequently when the external breast pedicle 
was utilized. Despite the size and importance of 
the long thoracic artery, its value as a source of 
supply to the nipple and areola is not great. The 
nipple largely depends on the perforating branches 
of the internal mammary artery. Partial necrosis 
of the breast pedicle itself is unquestionably the 
result of bad technique. Either the blood supply 
has been cut down too much, or the pedicle ro- 
tated too abruptly with interference to the blood 
supply. Hematomas may occur but are unusual 
if hemostasis has been carefully attended to and 
drainage instituted for 48 hours. Sepsis is uncom- 
mon and is usually the result of a hematoma or an 
infected stitch. The treatment of these complica- 
tions will be dealt with later. 


PRE-OPERATIVE PREPARATION 


On the evening before operation the entire chest, 
back and front, is prepared together with the 
arms and upper part of the abdomen, ether, soap, 
and spirit being used. The whole area is painted 
with acriflavine solution 1:1000 and covered with 
a sterile jacket. This treatment is again applied 
on the operating table. 


OPERATING PRINCIPLES 


The surgical ideal is not only to reduce the 
breast to a normal size but to restore it as far as 
possible to its classic shape, retaining as much of 
its normal function as possible. To do this the 
breast tissue and the covering skin constitute two 
separate problems. Reduction in the amount of 
breast tissue is carried out in two ways: 

a. Resection of the lateral half of the breast 
preserving the perforating branches of the inter- 
nal mammary artery to form a freely vascular 
internal pedicle with the nipple and areola near 
the most dependent portion. 

b. Resection of the upper and middle portion 
of the breast to form a double shaped pedicle so 
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Fig. 1. Operative position: half sitting with arms spread 
to give access to axilla. Breasts dependent. 


preserving the lateral thoracic artery in addition 
to the medial blood supply and carrying the nip- 
ple at the apex of the U. 

Reduction of the covering skin has also taken 
two forms: 

a. A single upper flap through which the nipple 
is transposed thus giving a single transverse scar 
in the submammary line. 

b. Double lateral flaps with excision of an in- 
verted V shaped portion between the nipple and 
the transverse submammary incision. The for- 
mer is to be preferred if the transverse scar can be 
made so short that it does not project into the 
axilla. It is inconspicuous, does not limit move- 
ment in the breast in any way, and except in its 
most lateral portion is not usually hypertrophic 
in character. Two stages are almost always re- 
quired for its satisfactory use. The latter has the 
advantages of producing a better shaped breast 
with a shorter submammary transverse scar, and 
the operation can more frequently be performed 
in one stage than with the single upper flap. 


SELECTION OF TYPES OF OPERATION 


The internal pedicle is used in almost all cases 
and has been found entirely satisfactory as a 
means of preserving the blood supply of the nip- 
ple. The double pedicle has its particular field in 
those cases in which general obesity is a factor and 
in which a well marked axillary fold is character- 
istic of that individual. Here it is as well to make 
a breast in keeping with the type of body habitus 
of the patient rather than attempt to construct 
something of more classical proportions. For- 
merly we adhered as far as possible to the single 
upper flap method of skin reconstruction because 
we felt that the cosmetic result was better with- 
out a vertical scar and the liability to skin necro- 
sis less. Since we have adopted the manual method 
of skin separation, however, necrosis has practi- 
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Fig. 2. a, Determination of new nipple position by intersecting circles using the suprasternal and 
xiphoid notches as centers. Radii vary with body habitus but are within limits indicated. b and c, 


Position of scars after operation; b, after double flap operation; c, after single flap operation. In both 


cases nipples look forward and outward. 


cally disappeared so that the lateral flap method 
which does not require a secondary operation so 
frequently is becoming more popular. There are 
two absolute indications for its use: (a) In moder- 
ate degrees of ptosis when the upper flap is so 
short that the new position of the nipple is too 
close to the submammary incision; (b) when the 
submammary incision would otherwise be too 
long and reach into the axilla. 

Anesthesia. Light general anesthesia—gas and 
oxygen superimposed on preliminary avertin or 
evipan—is used routinely, as little ether being used 
as possible. If this is given through a nasal intra- 
tracheal tube the draping of the operation field is 
greatly facilitated and the proximity of the anes- 
thetist to the operative field dispensed with. 

Position on the table. It is an advantage to use 
an operating table which breaks in the center so 
that the two ends can be elevated to give a semi- 
sitting position with the patient’s chest at an 
angle of 45 degrees to the horizontal. Thus the 
breasts fall into their normal dependent position 


and the measurements for the position of the nip- 


ples can be more carefully made. With the anes- 
thetist supporting the head and a nurse pulling 
forward on each arm the anesthetized patient is 
drawn up into full sitting position and the skin of 
the entire chest and upper back again sterilized. 
She is then laid squarely back on a sterile sheet 
placed beneath her, care being taken to see that 
the shoulders are level. The arms are then placed 
akimbo with the hands behind the hips. The ante- 
rior surface of the chest is towelled off from the 
sternal notch above to the upper abdomen below, 
and laterally excluding the axilla and arms. If 
this is done symmetrically the accurate placing of 
the breasts will not be confused by extraneous 
irregularities (Fig. 1). 


Measurements for the nipple positions and mark- 
ing of incision lines. A great number of methods 
have been described for the accurate placing of 
the nipples. Some of them are complicated and 
difficult to apply. While it is true that an appre- 
ciation of the classic form is probably helpful in 
deciding this point some form of accurate meas- 
urement should be made to avoid mistakes in the 
level of the breasts and the internipple distance, 
for an error of half an inch becomes painfully ap- 
parent at a later date. Unquestionably the pa- 
tient’s general configuration, size, and body habi- 
tus must be taken into account. Assuming that 
the levels are correct the commonest mistake is to 
get the nipples and breasts too close together. We 
have found a large compass of great aid in calcu- 
lating the new nipple position. Using the sternal 
notch as the center a circle is drawn with a radius 
varying between 6 to 7% inches depending upon 
the height and shoulder width of the patient. 
This is intersected by a second circle on the xiph- 
oid notch as center with a radius half an inch less 
than the previous circle. The intersection of the 
two circles gives the approximate position of the 
nipples. The internipple distance should rarely 
be less than g inches and minor corrections can be 
made according to the judgment of the surgeon. 
The new position for the nipple is then marked by 
stabbing the skin with Bonney’s blue. The assist- 
ant then stretches the areole tightly and evenly 
with two hands, and a 134 inch circle is drawn 
round them with a smaller compass, this particu- 
lar measurement varying in accordance with the 
wishes of the patient. If the single upper flap 
method is to be used a transverse line with its 
convexity upward is marked out from the inner 
end of the submammary groove. If the second 
method is to be utilized a vertical line is made 


660 
3 
¥ 
¥ 
ant; 
c, Si 
| skin 
plex 
poin 
fron 
arec 
war 
mar 
pose 
orde 
cal | 
ever 
final 
whe 
the | 
0, 
cisec 
to tl 
tran: 
mad 
its 
by u 
ciate 
shoc 
an al 


GILLIES, McINDOE: MAMMAPLASTY IN HYPERTROPHY OF BREAST 


Fig. 3. a, Even and firm stretching of nipples by assist- 
ant; circumcision of areola. b, Double upper flap method. 
c, Single upper flap method. d, Superficial undercutting of 
skin surrounding areola, thus avoiding injury to subareolar 
plexus of vessels. e, Application of four forceps at indicated 
points. Extension of undermining at deeper level. 


from the new nipple position to the top of the 
areola, and from the bottom of the areola down- 
ward to the submammary groove. It is better to 
mark out on both sides with Bonney’s blue all pro- 
posed incisions before the skin is actually cut in 
order that no mistakes be made in the symmetri- 
cal placing of the breasts. These markings, how- 
ever, must be used rather as an initial than as a 
final guide, for minor alteration may be necessary 
when the skin flaps are eventually adjusted to fit 
the breast tissue (Fig. 2). 

Operative details. The areole are now circum- 
cised superficially and the skin undermined for a 
distance of half an inch laterally without damage 
to the subareolar plexus of veins. The vertical or 
transverse line is opened and preparations are 
made for the separation of the breast tissue from 
its skin covering. Formerly this was carried out 
by undercutting with a knife, a procedure asso- 
ciated with considerable blood loss and much 
shock to the patient. It has been supplanted by 
an almost bloodless method which can be rapidly 
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Fig. 4. a, Separation of breast tissue from skin by strip- 
ping with gauze. b, Incision line for formation of internal 
pedicle. c, Incision lines for double breast pedicle. 


performed. After the preliminary periareolar un- 
dercutting has been done, the gland is separated 
from the skin by blunt dissection with gauze held 
in the fingers almost in the same way as one would 
skin a rabbit. It will be found that the breast 
shells out with ease and with a minimum of bleed- 
ing, thus leaving the important subcutaneous 
plexus of vessels attached to the skin. The few 
bleeding points are secured and tied (Figs. 3 
and 4). 

The formation of the breast pedicle. The internal 
breast pedicle is made by an S shaped incision 
which begins along the lower border of the second 
rib, sweeps down vertically at the level of the in- 
ner border of the areola, turns laterally to skirt 
the nipple, and is carried off medially to the end of 
the pendulous breast. The double pedicle is made 
by the removal of a V shaped portion of the upper 
middle segment of the breast followed by com- 
plete mobilization of the inner and outer pedicles 
which are reduced in size to form a U shaped tube 
of breast tissue carrying the nipple at the apex of 
the U. In the case of the single internal pedicle, 
it is rotated upon itself laterally until the nipple 
corresponds to the position as marked on the skin, 
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Fig. 5. a, Formation of internal pedicle of left breast. 
Deep incision to expose pectoral fascia. Hand holds part 
to be removed. b, Internal pedicle complete. Rotation in- 
dicated. c, Formation of double pedicle following removal 
of upper central portion of breast tissue. 


the tail being secured to the pectoral fascia at the 
level of the second rib. . By judicious placing of 
plain catgut sutures it is then built up into a cone 
pointing forward and outward with the nipple on 
its apex. The cone should not be dragged or 
pulled in such a way that interference with the 
blood supply occurs. In the case of double pedi- 
cles these are folded in W form to produce the de- 
sired contour of the breast. In both cases the base 
of the cone is fixed to the pectoral fascia and mus- 
cle by . series of interrupted catgut sutures (Figs. 
4, 5, 6). 

Treatment of the skin flaps. The upper skin flap 
is brought down over the breast cone and suffi- 
cient of the submammary skin is excised to allow 
of easy approximation of the edges to form a sin- 
gle transverse submammary scar. As a rule the 
upper flap is larger than the lower and should be 
“fanned in” with interrupted sutures to make it 
as short as possible. A fine hook is then inserted 
into the marked position of the new nipple on the 
upper flap, a cone of skin is lifted and cut off with 
sharp scissors. This will give a perfect circle and 


Fig. 6. a, Rotation of pedicle and correct placing of nip- 
ple. b, Fixation of breast cone to pectoral fascia. Infolding 
sutures inserted to bring nipple forward. c, Method of 
suture for double pedicle. 


the nipple itself will be found lying beneath. It is 
then extruded and sutured to the skin edge with 
finest silk. In the formation of lateral flaps the 
entire excess of skin is drawn together and down- 
ward and a series of Allis’ forceps are applied from 
the marked position of the new nipple to the sub- 
mammary groove. These are adjusted in such a 
way that the skin fits comfortably over the cone 
of breast tissue, the slack being taken up in the 
grip of the forceps. The amount of tension is not 
so great as to interfere with the blood supply of 
the flaps. The excess skin is cut away vertically 
as a A and this suture line is completed. A circle 
is then drawn round the marked position of the 
nipple, incised, and the nipple extruded and su- 
tured with fine silk as before. The transverse ex- 
cess is then trimmed in the submammary region, 
closure being effected with fine interrupted silk 
sutures (Figs. 7, 8, 9). If there is any excess of 
skin at the ends of the transverse incisions these 
are treated by the usual triangular excision (Fig. 
9, d, e, f). A small tube should be inserted at each 
end of the incisions and fixed with a suture. Dry 
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a. 


Fig. 7. Double upper flap method. a, Skin flaps held 
with forceps fitted round cone of breast tissue. Marking of 
excision line. b, Removal of excess skin to form double 
upper flap. Insertion of upper and lower sutures. Cutting 
off apex of cone to expose nipple. c, Suture of nipple and 
vertical scar. 


gauze dressing is then applied with mastisol fixa- 
tion, and this covered with wool and bandage. 
Possible second stage operation. Three to 4 
months after the first operation the condition is 
reviewed and careful note made of any irregulari- 
ties of contour or scars. The latter can be excised 
and sufficient skin lifted to enable redundant areas 
of breast tissue to be removed. At the same time 
the transverse submammary scars can be placed 
accurately in the submammary groove, and the 
closure effected by means of subcuticular sutures. 
As a rule no drainage is required at this operation. 
As a preventative against the development of 
keloid scars a dose of x-rays may be given one 
week before and one week after this operation. 


POSTOPERATIVE CARE 


It must not be forgotten that some of the fac- 
tors which produce shock are present, loss of body 
heat, extensive tissue exposure, and loss of body 
fluid. In our clinic the patient is transferred from 
the operating table into a warm bed brought into 


Fig. 8. a, Dependent excess of skin drawn downward 
and marked for excision. b, Excess turned upward and 
completion of marking in submammary groove. c, The 
same process is carried out in the single upper flap method. 


the theater at the end of the operation. No fur- 
ther lifting or disturbance is necessary for some 
hours. Postoperative rectal fluid is always given 
as a routine and consists of hot tap water given 
by the drip method. Sedative drugs can be given 
as indicated. As soon as the patient is fully con- 
scious she may be raised from the prone to a sit- 
ting position. The first dressing should be done 
at the end of 48 hours, when if indicated the tubes 
may be removed. Routine cleansing of the whole 
area with saline and subsequent drying with spirit 
is all that is required. Stitches must be removed 
in a good light with toothless forceps and fine 
sharp pointed scissors. The alternate sutures 
round the nipple may be removed on the fourth 
day, and on the fifth day the remainder may come 
out together with a few from the main scars. All 
the stitches from the latter should be out by the 
tenth day, the last being those bearing tension at 
the corners of the flaps. Subcuticular stitches will 
also come out easily by this time, but must be left 
longer if they will not slip out painlessly. After 
final removal of stitches application of a little 
sterile paraffin will soften and cleanse the scars. 
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Fig. 9. a, Closure of submammary incision with inter- 
rupted fine silk sutures. b, Suture completed double upper 
flap method. c, Suture completed single upper flap method. 
Upper flap is fanned into shorter lower one. d, e, f, Method 
of dealing with excess skin at ends of incision without in- 
creasing total length of scar. 


As regards convalescence many of these pa- 
tients tend to overtax their strength too soon after 
operation. They feel their friends expect them to 
resume their social activities as soon as they leave 
the hospital on the fourteenth day, and consequent- 
ly they are apt to suffer from a marked nervous 
reaction to what must of necessity have been a pro- 
found physiological and psychological disturb- 
ance. This can easily be avoided by a short period 
of convalescence in the country or preferably at 
the seaside. This gives an opportunity for nerve 
recovery and stimulates healing, softening of the 
skin flaps, and absorption of bruising. Arm exer- 
cises may be commenced during this time but 
vigorous movements should not take place until 
at least 4 to 6 weeks have elapsed following the 
operation. 


POSSIBLE COMPLICATIONS 


Possible complications which may follow oper- 
ation are (1) hemorrhage, (2) sepsis, (3) partial 
necrosis of skin flaps or pedicles. 


Hemorrhage of slight reactionary type is coiti- 
cident with recovery from the anesthetic, but if 
the tubes have been inserted as described, will 
give rise to no disturbance. Secondary hemor- 
rhage is uncommon and may produce external 
bleeding, or more possibly a concealed hematoma 
which is revealed in time by severe bruising, loss 
of contour, and interference with circulation. The 
treatment is to evacuate the hematoma with all 
aseptic precautions as there is a liability to infec- 
tion. 

Sepsis may be evidenced by mild local stitch 
infection. Here variation of treatment is the key- 
note of success. The removal of the infected stitch 
may be followed by dressings with eusol, hyper- 
tonic saline, or glycerine and magnesium sulphate 
paste. The aim is to establish mild antisepsis 
without damage to tissues. If the patient is strong 
enough immersion in a warm saline bath is satis- 
factory so long as the whole breast area is care- 
fully dried with spirit subsequently. Infection of 
a hematoma requires thorough opening and drain- 
age as soon as the diagnosis is made, a sinus for- 
ceps being passed through one of the incision lines 
into the collection and followed by a tube which 
is left im situ until drainage ceases. Generalized 
sepsis is very rare in our experience and is evi- 
denced by rapid rise in temperature and pulse 
with signs of diffuse local inflammation. In the 
only case in which it occurred the breast was 
thrown open immediately and Carrel-Dakin treat- 
ment instituted with satisfactory results. Should 
the incision lines be opened for this or any other 
reason they should be left to heal of their own 
accord. It is a good rule in plastic surgery to avoid 
secondary suture wherever possible. 

Partial necrosis of skin flaps is an annoying com- 
plication inasmuch as healing will be considerably 
retarded. Discoloration of the affected portion 
rapidly occurs, and in a day or two the line of 
demarcation is established. In the case of single 
upper flaps it is the lower edge and in the case of 
lateral flaps the medial and lower corners. Occa- 
sionally the applications of warm saline every 15 
minutes will prevent more than a very superficial 
loss; but if the necrosis is more extensive it should 
be encouraged to separate as soon as possible in 
order that epithelization may proceed. The skin 
loss is rarely more than one square inch, and as a 
rule is not worth grafting. A simple dressing of 
tulle gras renewed daily after a warm bath will 
effect rapid improvement. If the scarring result- 
ing from the skin loss is unpleasant it is best re- 
moved at the second stage operation. 

Necrosis of a portion of the pedicle will be evi- 
denced by an abscess pointing underneath the 
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skin. The abscess should be opened and drained. 
Within a few days the necrotic portion of the pedi- 
cle can usually be seen and as much as possible 
cut away with scissors through the small opening 
necessary to drain it. Eusol irrigation will aid the 
removal of necrotic material. 


GENERAL PROGNOSIS 


The relief of intertrigo and the feeling of weight 
is immediate. The latter in due course leads to 
improvement in posture especially in young girls. 
From the psychological point of view the patient 
finds herself able to go among her friends with a 
new-found equanimity. Those girls who feared 
married life with a sensitiveness amounting almost 
to melancholia regain their self-confidence. Nip- 
ple sensation becomes fully established in 70 per 
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cent of cases, and erectile innervation is preserved 
in all cases. Anatomically lactation should take 
place as some of the parenchyma with its ducts is 
left attached to the nipple; but it is doubtful 
whether it would be entirely satisfactory. It 
must be remembered that an unoperated upon 
hypertrophied breast is not usually a satisfactory 
milk-producing organ. Data on the subject of 
postoperative lactation are not yet sufficient as in 
experience many of our patients are unwilling to 
institute breast feeding being overwhelmed by the 
quite unfounded fear that hypertrophy may re- 
cur. 

In conclusion there would appear to be no 
question as to the satisfactory end-results of this 
operation provided that all the precautions enu- 
merated are carried out. 
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LTHOUGH nearly too years have elapsed 
since Rayer first pointed out the causal 
relationship of anomalous renal arteries 
to hydronephrosis, there is still no una- 

nimity of opinion among urologists upon this 
subject. There are, essentially, three divergent 
views concerning the principal factor in the 
causation of obstruction at the ureteropelvic 
junction associated with accessory vessels at the 
lower pole of the kidney. The first is that the 
vessel, probably as the result of some change in 
its relationship to the’ ureter or pelvis, is itself the 
most important single cause. The influence of 
ptosis in producing such an altered relationship 
is a matter of some dispute and will be considered 
in detail later. The second is that a stricture at 
the junction, or somewhere along the course of 
the ureter, perhaps overlooked in the urogram, 
initiates a dilatation, and, as this progresses, the 
pelvis, becoming increasingly heavy with retained 
urine, sags over a vessel which originally caused 
no obstruction. The third view is that a dis- 
turbance of the neuromuscular mechanism of the 
renal pelvis results in such diminished peristaltic 
activity that the contained urine cannot be ex- 
pelled through the ureteropelvic junction. 

I am greatly indebted to Dr. Hugh H. Young 
for permission to study the 70 cases of hydrone- 
phrosis in the records of the Brady Urological 
Institute, in which dilatation commenced in the 
region of the ureteropelvic junction, caused by 
mechanical obstruction at this level as proved at 
operation. Thirty of these (42.9 per cent) un- 
complicated by renal calculi, were found to be 
associated with accessory vessels at the lower pole 
of the kidney. An analysis of these cases was un- 
dertaken in an attempt, first, to clarify the dif- 
ferent concepts of the etiological or precipitating 
factors, and, second, to reveal what features in- 
fluence the ultimate postoperative result. No 
attempt has been made in this paper to evaluate 
the merits of the various plastic operations for 
stricture at the ureteropelvic junction. 

These 30 cases, for the purpose of convenience, 
have been grouped as follows: 

I. Conservative surgical procedures, 19 cases: 


From the James Buchanan Brady Urological Institute, Johns 
Hopkins Hospital, Baltimore, Maryland. 
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(A) Accessory renal vessels, the only demonstrable 
cause of obstruction, 11 cases; (B) Accessory renal 
vessels associated with stricture at the uretero- 
pelvic junction, 8 cases. 

II. Nephrectomy, 11 cases: (C) Accessory 
renal vessels the only demonstrable cause of ob- 
struction, g cases; (D) Accessory renal vessels 
associated with stricture at the ureteropelvic 
junction, 2 cases. 


I. CONSERVATIVE SURGICAL PROCEDURES 


Group A. Accessory renal vessels the only de- 
monstrable cause of obstruction, 11 cases. There 
were 6 instances in which complete relief of the 
obstruction was afforded by simple ligation and 
division of the vessels as was evidenced by the 
prompt emptying of the distended pelvis. In the 
5 remaining cases, the pelvis was opened and the 
ureteropelvic junction was explored before exclud- 
ing the presence of stricture. In 2 of these, the 
vessels were merely ligated and divided. In the 
3 remaining, the vessels, because of their large 
size, were not divided, and the obstruction was 
relieved in 1 case by reimplantation of the ureter, 
and in the 2 others by the resecting portions of the 
pelvic walls and closure in such a way as to elim- 
inate contact between the ureter and vessels. The 
technique described by Young was employed (Fig. 
1). The ureteropelvic junction itself was of normal 
caliber, and consequently was not subjected to plas- 
tic operation. Pre-operative and postoperative pye- 
lograms have been obtained in 9g of the 10 cases 
in which the ureter was not operated upon (Figs. 
2 to 10). ‘these results, obtained by simple re- 
moval of the contact between vessels and ureter, 
either by division or by drawing the ureter away 
from the vessels, show that such contact was in 
itself productive of obstruction. 

Group B. Accessory renal vessels associated with 
stricture at the ureteropelvic junction, 8 cases. The 
presence of stricture was recognized at operation 
by a definite narrowing of the upper end of the 
ureter, through which the pelvic contents would 
not readily escape after elimination of the contact 
between vessels and ureter (Fig. 11). In 4 
instances the vessels were of large size and there- 
fore not disturbed. Obstruction was eliminated 
in these cases by a plastic operation on the pelvis 
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Wm. P Didusch 1931 


right Kidney 


anterior surface 
of Kidney 


renal veesels 


aberrant vessele 
to lower pole 
causing obstruction 


Fig. 1. Anterior surface of right kidney which has been delivered through wound, 
showing accessory vessels at lower pole, which caused pressure, kinking, and obstruc- 


tion to ureter. 


No stricture was found on external or internal examination. 


Vessels 


were too large to divide. Plastic on pelvis designed to eliminate obstructive contact. 
The postoperative result is shown in Figure 4. B.U.I. 19905. 


and junction, serving to draw these structures 
away from the vessels. In 3 of these it was 
of the Y-plasty type, and in 1, the Heineke- 
Mikulicz. In 2 cases the vessels were divided and 
a Y-plasty made on the junction. In the seventh 
case, the vessels were divided and a thorough 
dilatation of the stricture with bougies was carried 
out. The eighth patient (B.U.I. 25859) a child of 
2% years, was not thought at the time of opera- 
tion to have a stricture. The vessels were divided 
and the kidney was suspended, but 2 years later 
a urogram showed a conspicuous narrowing at the 


TABLE I.—COMPARISON OF AGE INCIDENCE 


Group A Group B 
Accessory vessels Accessory vessels 
without stricture —_ with stricture 


3, 
I 
I 
I 
I 


Age at onset 
in years 


*This case (B.U.I. 26210) had symptoms referable only to one kidney, 
but both were found by excretion urography to be hydronephrotic. 


ureteropelvic junction with no appreciable de- 
crease in the size of calyces or pelvis. Apparently 
the stricture was unrecognized because of the 
small size of the structures. 

A comparison of these 2 groups of cases reveals 
several interesting facts. In Group A, the average 
age of onset was 24 years, and in Group B, 
13 years (Table I). When the symptoms first 
appeared, the majority of patients in Group A 
were over 16 years, and in Group B, one half 
were under 10 years. 


TABLE II.—COMPARISON OF DURATION 
OF SYMPTOMS 


Group A Group B 

Duration of Accessory vessels Accessory vessels 
symptoms without stricture with stricture 

Less than 1 month I 

1 to 3 months I 

4to 8 months I 

g to 11 months None 

1 to 3 years 4 

Over 3 years None 


73, per cent of patients in Group A had symptoms for 1 year or longer, 
and in Group B, 43 per cent for 8 months or less. 
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Fig. 2. a, left. Pre-operative retrograde pyelogram in 
a 19 year old boy who had had attacks of right abdominal 
pain for 7 weeks. Function was somewhat impaired, but 
urine was sterile. b, Intravenous urogram 7 months after 
division of accessory vessel, showing marked reduction in 
size of calyces and pelvis. The function was normal, and 
symptoms completely relieved. B.U.I. 25280 


The average duration of symptoms in Group A 
was 5 years, and in Group B, 1 year, 6 months 
(Table II). Although it is always hazardous 
to draw conclusions from statistics based on 
a small series of cases, the discrepancies between 
these two groups are striking. The duration of 
the symptoms in those patients without strictures 
was nearly 4 times as long as that in the group 
with strictures. If such strictures are caused by 
the trauma resulting from long continued contact 
between vessels and ureter, one would expect them 
to have occurred in the older group of patients 


Fig. 4. a, left. Pre-operative right pyelogram in same 
case as Figure 3. Urine badly infected. Pelvis drained 
by indwelling ureteral catheter for several weeks, and no 
phthalein appeared for 11 days. After that it increased 
rapidly. b, Pyelogram about 5% years after resection of 
large portion of pelvis, eliminating contact between acces- 
sory vessels and ureter. Improvement in renal function 
was marked, but residual infection was considerable. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 3. a, left. Pre-operative left pyelogram in a 19 
year old boy with bilateral hydronephrosis and uremia, 
There was no history of pain. Urine sterile. b, Pyelogram 
5% years after ligation and division of accessory vessels 
showing considerable reduction in size of pelvis and calyces. 
There was marked functional improvement in this patient. 
B.U.L. 19905 


with symptoms for a longer period. That strictures 
at the ureteropelvic junction without associated 
vessels are not infrequently encountered, adds ad- 
ditional evidence to support the contention that 
the stricture may be a primary pathological entity. 

Of the 11 cases in Group A, only 3 kidneys were 
found infected on admission and of the 8 in 
Group B, only 1 was infected. None of the other 
patients gave even a previous history of pyuria 
or vesical irritation. The etiological relationship, 
therefore, between urinary tract infection and 
stricture, in this series at least, is not established. 


Fig. 5. a, left. Pre-operative pyelogram showing 
markedly dilated pelvis and calyces in a 62 year old man, 
who had had episodes of renal colic for 20 years. Function 
as determined by excretory urography was practically 
normal and urine sterile. b, Pyelogram 2 years after liga- 
tion and division of accessory vessels, showing marked 
shrinkage in size of calyces and pelvis. Symptoms com- 
pletely relieved. B.U.I. 22314 
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Fig. 6. a, left. Pre-operative intravenous urogram in 
a 21 year old man having had attacks of pain in right 
flank for 1 year. Lower group of calyces and pelvis mark- 
edly dilated and not visualized for 2 hours. Urine sterile. 
b, Retrograde pyelogram 1 year, 4 months after ligation 
and division of accessory vessels, showing decrease in size 
of calyces and pelvis, and a patent ureteropelvic junction. 
No postoperative functional studies were made. Symp- 
toms completely relieved. B.U.I. 24752 


II. NEPHRECTOMY 


Groups C and D, comprising 11 cases in which 
nephrectomy was carried out, will be considered 
together because they resemble each other in 
nearly all respects. The average age of onset was 
33 years, 6 months. The average duration of 
symptoms was 5 years, 6 months. This coincides 
with the history obtained from the patients in 
Group A and suggests that some factor, besides 
that of duration, causes the condition requiring 
nephrectomy. 

In this group of 11 cases, the kidneys in 6 were 
hardly more than shells. One kidney was smaller 
but functionless, another was the seat of a severe 
chronic pyelitis, and two showed acute and chronic 
pyelonephritis with abscesses. In the sixth case 
(B.U.I. 22083) the kidney was removed because of 
accidental trauma during exposure. Its cortex 
was very thin and was torn during manipulation. 
The reasons for nephrectomy were (1) functionless 
kidney, 7 cases (64 per cent); (2) severe infection, 
3 cases (27 per cent); (3) accidental trauma, 1 
case. The chief factors responsible for the con- 
dition necessitating nephrectomy seem to be (1) 
completeness of obstruction, acting for a variable 
length of time, and (2) severity of infection. 


UNDERLYING CAUSES OF OBSTRUCTION 


The mechanical basis. A careful study has been 
made of Groups A and C, totalling 20 cases, in 
which the vessels were the apparent cause of ob- 
struction, and this shows that there is much room 


Fig. 7. a, left. Pre-operative intravenous urogram in 
a 37 year old man who had had episodes of pain in right 

nk for ro years. There was no excretion of medium by 
the right kidney in 35 minutes, which is represented by a 
large mass in the film. Urine was sterile. b, Intravenous 
urogram 3 weeks after resection of large extrarenal pelvis 
to eliminate contact between ureter and accessory vessels. 
c, Intravenous urogram 2 years later, showing marked 
reduction in size of calyces and pelvis, and upper ureter 
well filled. There was marked improvement in function, 
and symptoms completely relieved. B.U.I. 24390 


for speculation concerning the nature of the pre- 
cipitating factor in the causation of the hydrone- 
phrosis. In our series the condition is chiefly one 
of early adult life. The accessory vessels, how- 
ever, had been present ever since the kidney 
reached its definitive position in the embryo, but 
had not caused obstruction until this relatively 
late date. One, therefore, must conclude that 
some additional factor appeared at this time and 
altered the innocent relationship between ureter 
and vessels. This concept is given further empha- 
sis by the well known fact that accessory renal 
vessels at the lower pole are sometimes encoun- 
tered when no obstruction exists. That this factor 
varies in different patients is at once apparent 
from a study of the cases in this series and of the 
literature. 
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Fig. 8. a, left. Pre-operative retrograde pyelogram 
showing moderately dilated calyces and pelvis. In a 41 
year old married woman, had had pain in the left flank and 
vesical irritability for 10 years. The function was normal, 
and the urine was sterile on admission. b, Intravenous 
urogram 3 weeks after simple ligation and division of an 
accessory vessel, showing diminution in the size of the 
calyces and pelvis, and a patent ureter. Symptoms were 
completely relieved. B.U.I. 24922 


Ptosis has long been held the underlying cause 
of obstruction in cases of this sort, and it is true 
that in the majority some descensus of the kidney 
can be demonstrated. In 4 of our 30 cases, how- 
ever, the presence of ptosis was denied. Blanc 
and Bourland also stated that it was absent in 3 
of their cases, and Winsbury White and others 
assert that renal mobility per se is a very doubtful 
cause of hydronephrosis. In the last 250 cases of 


Fig. to. a, left. Pre-operative pyelogram showing mod- 
erate dilatation of pelvis and calyces in a 24 year old man 
with only pyuria for 4 years. b, Pyelogram 16 years after 
simple ligation and division of accessory vein showing 
diminution in the dilatation. There was marked functional 
improvement, and disappearance of the infection. B.U.I. 


4032 
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Fig. 9. a, left. Pre-operative pyelogram in a boy aged 
18, having had 4 attacks of pain in flank beginning 8 years 
previously. Renal function was considerably impair«d; 
urine, sterile. b, Intravenous urogram 7% years after 
ligation and division of accessory vessel. Function is now 
normal and symptoms completely relieved. B.U.I. 19758 


hydronephrosis of all types operated upon in the 
Brady Urological Institute, not one could be 
attributed to ptosis alone. Furthermore, ptosed 
kidneys with accessory vessels at the lower pole, 
without hydronephrosis, are not infrequently ob- 
served. The distal attachment of the vessel moves 
downward with the kidney, so some other factor 
must: be present in most cases at least to bring 
about the necessary fixation of the ureter. Eke- 
horn, from a study of 24 cases collected from the 
literature, to which he added one of his own, made 
the interesting observation that vessels pursuing 
a diagonal course, running across the ureter either 
anteriorly to pass beneath the pelvis to the pos- 
terior aspect of the hilum or lower pole, or vice 
versa, were the ones much more apt to cause ob- 
struction. Foley recently has emphasized this 
point. In 6 of the cases reported by Ekehorn, in 
which the diagonal course of the accessory vessels 
was Clearly described, 4 crossed behind the ureter. 
In none of our cases ‘was any note made of vessels 
running in such a manner as Ekehorn described. 

Foley has stressed the importance of horizontal 
axial rotation of the kidney, or a forward pitching 
of the upper pole, in bringing about contact be- 
tween ureter and vessels. According to him, this 
condition can be diagnosed from the pyelogram 
by the presence of a shortened longitudinal axis, 
together with the closing of the angles between 
the calyces. In one of our cases this condition was 
observed. (B.U.I. 26210.) 

Quinby believes that the accessory renal artery, 
through constant pulsation against the wall of 
the pelvis or ureter, finally interrupts the peri- 
staltic waves and produces pelvic dilatation. In 
2 of our cases the only vessel present was a vein. 
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Fig. 11. 1, Dilated pelvis sagging over accessory artery to lower pole of kidney. 2, 


left Kidney 
(marked hydronephrosis) 


Sectional view showing stricture at ureteropelvic junction. Complete destruction of 
kidney requiring nephrectomy, although pelvis only moderately distended. Patient 


aged 5 years. B.U.I. 22466 


It has been suggested that over-rotation and 
under-rotation of the kidney about its vertical 
axis may serve in some cases to allow the ureter 
to press upon the vessels sufficiently to cause ob- 
struction to the free flow of urine. In 4 of our 
20 cases, not associated with stricture, such rota- 
tion was present, but no mention was made of its 
direction. It is evident that under-rotation would 
be of significance only if the vessel passed in 
front of the ureter, and over-rotation only if the 
vessel passed behind. 

According to Sanford, Liek believed that the 
lower polar vessel may not grow as rapidly as the 
renal pedicle, and it is conceivable that such a 
disproportionate rate of growth might result in 
contact between vessel and ureter. In 2 of our 20 
cases without stricture, the vessels were described 
as being taut. In only one, however, was the 
longitudinal axis of the kidney perpendicular 
instead of inclining towards the midline above the 
kidney. Since ptosis was absent, thereby elimi- 


nating the possibility of pendulum rotation, the 
change in the vertical axis may have been caused 
during development by traction exerted by the 
vessel upon the lower pole of the kidney. 

After a consideration of all these theories re- 
garding the basic cause of the obstruction, it 
would seem that the most plausible explanation 
lies in the fact that the kidney undergoes a re- 
markable change in shape during its growth to 
adult size. Kelly and Burnam showed that in the 
infant the kidney is arched upon itself to such an 
extent that the 2 poles approach each other very 
closely over the enclosed pelvis (Fig. 12). In 
the adult the poles have diverged markedly from 
each other, and by this straightening process the 
pelvis has become largely extrarenal. As _ is 
well known, the pelvis usually presents on the pos- 
teromesial aspect of the kidney, but it sometimes 
lies on the anteromesial aspect. Therefore, it would 
seem possible that in certain cases an accessory 
vessel attached to the lower pole could be carried 
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Fig. 12. The divergence of the two poles in the adult kidney is clearly shown. 


Parenchymal 
line at hilum 


nechymal 
A line at hilum 


This process enlarges the hilum and pushes the pelvis outside. An accessory 
lower polar vessel may be carried downward and outward across the external 


pelvis. (From Kelly and Burnam.) 


downward and outward across the pelvis which 
has been extruded in such a way as to press 
upon this vessel sufficiently to cause obstruction. 
Although all kidneys with accessory vessels are 
not hydronephrotic, almost all those in which 
obstruction exists have extrarenal pelves. There- 
fore, a variability in the factor of growth could 
explain the inconstancy both of the obstruction 
and, within certain limits, of the age at which it 
occurs. 

From the foregoing, it is evident that many 
different factors have been considered responsible 
for setting into motion the mechanism of obstruc- 
tion. In certain cases, 33 per cent of our series, 


a definite stricture is present and, as dilatation 
progresses, the effect of an accessory vessel may 
be of only secondary importance. But in others, 
no such stricture can be found, and the accessory 
vessels assume the leading réle, although thrust 
into prominence by the operation of one or more 
subsidiary and variable forces. 

The neuromuscular basis. Recently, many 
articles have appeared in the literature regarding 
the neuromuscular mechanism of the pelvis and 
ureter. Some authors state that a disturbance of 
pelvic peristaltic activity is the primary factor 
in the production of the hydronephrosis and the 
importance of an associated vessel is more ap- 
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parent than real. In order to understand this 
neuromuscular mechanism one must consider 
both its extrinsic and intrinsic components. 

The extrinsic components can be interrupted 
by a careful denervation of the renal pedicle. Ex- 
tensive literature exists on this subject, and sym- 
pathectomy has been recommended for pelvic 
atony, or adynamia, as well as for hyperdynamic 
motility. Most of these operations, however, are 
carried out simply for the relief of pain. Occa- 
sional cases of pyelectasis, as described by Braasch, 
have been reported in which marked hypertonicity 
of the musculature of the pelvis and ureter ap- 
parently gave rise to obstruction at the uretero- 
pelvic junction through spasm. Periarterial sym- 
pathectomy is thought by some surgeons to be of 
value here, although Allemann prefers a longi- 
tudinal incision through the pyeloureteral sphinc- 
ter down to the mucosa. It is possible that a 
dysfunction of the extrinsic nerves is responsible 
for such dynamic obstructions, but, aside from 
these rare instances, it is generally agreed, accord- 
ing to Hinman, that no persistent anatomical 
change occurs after sympathectomy. 

As regards the intrinsic components, little is 
known. The fact that pelvic and ureteral peri- 
stalsis is retained after denervation of renal pedicle 
and ureter proves the existence of an intrinsic 
mechanism of the pelvis and ureter. Moreover, 
the persistence of peristaltic activity for a time 
after nephro-ureterectomy also indicates that peri- 
stalsis is not entirely dependent upon the extrinsic 
nerve supply. It isconceivable that if some disturb- 
ance of this intrinsic mechanism actually occurred, 
it might result in such diminished peristaltic ac- 
tivity that the pelvis would be unable to expel 
its contents into an unobstructed ureter. Such 


Fig. 13. Rabbit’s kidney showing intrarenal pelvis and 
close proximity of two poles to each other, somewhat re- 
sembling the condition in the infant. (See Fig. 12.) 


a condition, obviously, would lead to hydrone- 
phrosis. There are a few alleged cases of this sort on 
record, but none is acceptable unless meticulous 
care has been exercised to exclude a mechanical 
obstruction. In many instances the presence of 
angulation and slight fixation of the ureter may 
not be apparent after operative delivery of the 
kidney, for such manipulation may free adhesions 
and change the relationships which existed in situ. 
In some cases, a small stone passed unnoticed 
before admission to the hospital is the true 
but undetected cause of the hydronephrosis. 
In the 70 cases from which the material for this 
paper was gathered, a mechanical obstruction 
responsible for the hydronephrosis was identified 
in every instance. An adynamic pyelectasis, 
therefore, must be rare. 

The hydropelvis resulting from alleged vascular 
obstruction in the region of the ureteropelvic 
junction in the typical case is at first pyriform, as 
described by Braasch. It is also predominantly 


Fig. 14, left. Pyelogram showing an intrarenal hydronephrosis. At operation ob- 
struction was found to be caused by accessory lower polar vessels. B.U.I. 25427 

Fig. 15. a, center. Intravenous urogram of normal extrarenal pelvis. b, Same kidney 
3 months later, showing hydronephrosis, predominantly pelvic in type, resulting from 
an infiltrating tumor of thejbladder, obstructing the intramural ureter. The rounded con- 
tour of the pelvis is conspicuous. No operation. B.U.I. 25058 
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Fig. 16. Hydroureter and hydronephrosis resulting from 
a ureteral stricture. Renal parenchyma shows very little 
compression, and dilatation is almost entirely pyelo- 
ureteral. Pelvis is extrarenal and grossly funnel-shaped 
with widely divergent renal poles. B.U.I. 14114. (See 
Fig. 12.) 


extrarenal, and later exhibits a globular appear- 
ance in the pyelogram. It, therefore, differs 
markedly from the intrarenal hydronephrosis 
caused by high or low ureteral obstructions in 
experimental animals. The globular form appears 
very different also from the grossly funnel-shaped 
pelvis seen in patients with an obstruction involv- 
ing the lower ureter. These observations led Hos- 
ford to conclude that such an extrarenal, globular 


dilatation must be attributed to a disturbance if 
the neuromuscular mechanism of the renal pelys. 

We believe that factors other than primary 
neuromuscular derangements are sufficient {0 
explain the variations encountered. In the first 
place, there is considerable evidence to support 
the contention advanced by Hinman and |,y 
Hepler that the type of dilatation produced de- 
pends upon whether the pelvis is intrarenal or 
extrarenal. Rabbits, the animals used by Hos- 
ford, have completely intrarenal pelves (Fig. 13). 
When a rabbit’s ureter is obstructed, an intra- 
renal hydronephrosis develops. If a high ureteral 
obstruction occurs in a patient whose pelvis is in- 
trarenal, an intrarenal hydronephrosis naturally 
results (Fig. 14). If the pelvis is extrarenal the 
result will be an extrarenal hydronephrosis (Fig. 
15). Intermediate types are also observed. 

The majority of pelves in the human being are 
partially, if not largely, extrarenal and this may 
be explained by the mechanism of renal growth as 
described by Kelly and Burnam (Fig. 12). The 
difference in the type of hydronephrosis in the 
case of an extrarenal pelvis apparently is due to 
the fact that the renal parenchyma fails to en- 
velop completely the pelvis. An extrarenal pelvis, 
which has no surrounding parenchyma to enclose 
and support it, cannot resist an increase in intra- 
pelvic pressure. The assistance rendered by over- 
lying renal parenchyma in resisting intrarenal 
pressure is further emphasized by cases in which 
thin, atrophic areas undergo dilatation out of all 
proportion to the rest of the kidney. Hosford also 
produced a saccular dilatation of an infarcted 
area of renal cortex in a rabbit by obstructing 
the ureter after ligating a branch of the renal 
artery. 

A comparison was made between pathological 
specimens of hydronephrosis in the Brady Uro- 
logical Institute in which the obstruction was at 
the ureteropelvic junction on the one hand, and 
in the lower urinary tract or lower ureter on the 
other. From this it was found that in the early 
cases parenchymal compression was as incon- 
spicuous a feature in low as in high obstructions 
when the pelvis was extrarenal in type (Fig. 16). 
In the later stages, if the pelves were similarly 
situated, a corresponding cortical compression 
existed in both groups. The belief, therefore, that 
a so called ‘“‘pelvirenal” hydronephrosis is a char- 
acteristic feature of low obstruction and that a 
predominantly pelvic dilatation is indicative of a 
primary neuromuscular disturbance of the renal 
pelvis, is without support. Furthermore, the con- 
trast between the grossly funnel-shaped dilatation 
following low obstructions and the globular ap- 
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pearance of the pelvis in vascular obstructions 
can be explained simply by the effect of the loca- 
‘ion of the blockage, for, as Braasch has pointed 
out, in the cases associated with accessory ves- 
cls, the dilated pelvis in the early stages is like- 
wise pyriform in shape. 

Therefore, it would appear unreasonable to 
impute to so dubious a factor as neuromuscular 
dysfunction the mere, rounded contour of an 
extrarenal hydropelvis. Moreover, the fact that 
improvement followed relief of obstruction at the 
ureteropelvic junction in the series of cases herein 
reported is sufficient proof that such dysfunction, 
in these cases at least, could have played no réle. 


RESULTS OF CONSERVATIVE SURGICAL 
PROCEDURES 


Group A. Accessory renal vessels the only de- 
monstrable cause of obstruction, 11 cases. It is 
evident from a study of Figures 2 to 10 that ana- 
tomical improvement in the kidney occurred in 
each of the 9 patients submitting to postoperative 
urography. In 6 cases, the improvement was 
marked, in 2, moderate, and in 1, slight. In 1 
case (B.U.I. 17344) no postoperative urogram 
was obtained. Of the 6 patients showing marked 
reduction in size of calyces and pelvis, two had 
normal function before operation. In the 4 others, 
the renal function, which had been found im- 
paired on admission, was markedly improved. 
All but one (B.U.I. 19905) had sterile urine on 
admission. The 2 patients showing moderate 
improvement in the pyelogram also had sterile 
urine on admission. One showed moderate im- 
provement in renal function, and the other had 
no test of function made after operation. The 1 
patient (B.U.I. 4632) whose postoperative pye- 
logram revealed only slight improvement, had 
bacteriuria on admission, but division of the ob- 
structing vessel resulted in marked improvement 
in renal function and disappearance of the infec- 
tion. There was complete relief of symptoms in 
every case. 

Group B. Accessory renal vessels associated with 
stricture at the ureteropelvic junction, 8 cases. In 
this group the anatomical improvement as re- 
vealed by urogram, was marked in 3 cases, 
moderate in 2 and slight in 2. There was 
no postoperative record in 1 case. Of the 3 show- 
ing marked improvement, two had a considerable 
increase in renal function, and one, a moderate 
increase. All had sterile urine before operation. 
Of the 2 patients with moderate structural im- 
provement, one had a considerable increase in 
renal function with disappearance of the pre- 
existing infection. In the other case, the function 


was normal and the urine sterile before oper- 
ation. In the 2 patients with slight anatomi- 
cal improvement, one showed a marked in- 
crease in renal function but the other had a 
normal function on admission, at which time the 
urine of both was reported sterile. In 7 of 
these patients the symptoms were completely 
relieved. One patient (B.U.I. 26210) with bi- 
lateral hydronephrosis, had no symptoms refer- 
able to the left kidney. Plastic operation on this 
side was carried out because the urogram showed 
considerable dilatation of pelvis and calyces. 

An investigation of the various conditions in- 
fluencing the postoperative result, following com- 
plete relief of the obstruction, revealed several 
interesting facts. With one exception (B.U.I. 
19905) cases of severe renal infection or advanced 
hydronephrosis with marked cortical atrophy 
were subjected to nephrectomy. This indicates 
that the success of conservative surgery would be 
expected to vary indirectly with each of these two 
conditions, although newer technical procedures 
are reducing still further the number of nephrec- 
tomies. In general, the best results were obtained 
in the older patients in both Group A-and Group 
B. The duration of the symptoms fer se was of 
little significance; the important factor seemed 
to be the relation of the duration to the complete- 
ness of obstruction, which, in turn was reflected 
in the degree of cortical compression. This, and 
not the mere size of the pelvic sac, was the sig- 
nificant feature. 


CONCLUSIONS 


A primary disturbance of the neuromuscular 
activity of calyces and pelvis resulting in dilata- 
tion localized above the ureteropelvic junction has 
never been observed in the Brady Urological Insti- 
tute. The predominance of calycal or of pelvic 
dilatation depends more upon the original situa- 
tion of the renal pelvis than upon the actual loca- 
tion of the obstruction. Accessory vessels at 
the lower pole of the kidney are frequently found 
associated with obstruction in the region of the 
ureteropelvic junction. In some of these cases 
the underlying cause is stricture, which, when 
present, is probably a primary pathological en- 
tity. 

In certain cases of hydronephrosis accessory 
renal vessels are the chief cause of the obstruc- 
tion, which is precipitated, usually in early adult 
life, by the effect of one or more subsidiary fac- 
tors, of which the mechanism of renal growth 
is possibly one of the most important. Sur- 
gical intervention designed to eliminate obstruc- 
tive contact is indicated. Success depends largely 
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upon severity of infection and extent of cortical 
destruction. 
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INTRACRANIAL SOLITARY CHONDROMA 


JERZY CHOROBSKI, M.D., JERZY JARZYMSKI, M.D., and ERNEST FERENS, M.D., 
Warsaw, Poland 


NTRACRANIAL chondromas, i.e., true pro- 
gressive neoplasms composed of cartilage, 
appearing in tissues not normally containing 
cartilage (v. Rindfleisch), are of very rare 

occurrence.! The large treatises on the neoplastic 
disease mention the tongue, the tonsils, the sub- 
cutaneous tissue, the skin of the neck, the thy- 
roid, the salivary and the mamillary glands, the 
diaphragm, the uterus, the testicles, the bladder 
mucosa, and the corpus vitreum, but wholly omit 
the intracranial cavity as the possible site of those 
heterologous neoformations. 

It seems worth while, therefore, to add to the 
list of intracranial chondromas summarized be- 
low, one personal observation, inasmuch as it pre- 
sents some interesting features: There was a defi- 
nite history of trauma 6 years preceding the ap- 
pearance of symptoms caused by the tumor. The 
parietofrontal chondroma developed at the very 
region of a previous skull fracture. Contrary to 
almost all of the cases found in the literature, pre- 
senting usually a clear cut picture of a brain 
tumor, the clinical syndrome of our patient, con- 
sisting of headaches, vomiting, psychic and emo- 
tional changes, dilatation of the right pupil, right 
lower facial paresis, and attacks of rotation of the 
head to the right, was none too easy to interpret. 
The huge neoplasm had caused most probably an 
almost complete obliteration of the cerebrospinal 
fluid spaces of the brain. The tumor was free 
from any gross attachment to the surrounding 
structures. 


REVIEW OF THE LITERATURE 


Hirschfeld (1851) was probably the first to 
record an intracranial tumor of the chondroma 
group. Diagnosed as such by Robin, the small 
cartilaginous nodule found at autopsy in a woman 
about 35 years old, had grown out from the base of 
the skull in the left medial fossa, centrally to the 
gasserian ganglion. The clinical history was not 
given. Firket’s (1881) tumor, mentioned by 
Alpers (1935), was an autopsy finding. It meas- 


1 Weare excluding from the present review all of the cases char- 
acterized by a more or less generalized chondromatosis with 
occasional intracranial localization of the cartilaginous neoforma- 
tions. 

From the Neurosurgical Division of the Neurological Clinic, 
J. Pilsudski University, the Institute of M. Nencki, T.N.W. 
aud the Institute of Traumatological Surgery. 


ured 1.5 centimeters in diameter and was attached 
to the dura mater. Nixon (1892) reported a case 
found at operation—a “cartilaginous tumor”’ par- 
tially removed in a patient 28 years old. The 
tumor was connected with the superior longitu- 
dinal sinus and compressed the superior part of 
the right motor area of the brain. The skull over- 
lying the tumor was distinctly thickened. In 
Letterer’s (1920) first autopsy case, a man of 27 
years, the chondroma was located between the 
two sheaths of the tela choroidea of the third ven- 
tricle. The tumor, the size of a cherry, was at- 
tached to the fornix. His second case was that of 
an epileptic who had, in addition to a left tem- 
poral glioma, a chondroma embedded in the 
plexus choroideus of the left lateral ventricle. It 
too was the size of a cherry and was attached to 
the plexus with a small pedicle. Huebscher 
(1922), according to Bruett (1931), found at 
autopsy on a woman, who died from tuberculous 
meningitis, a small chondroma located at the bor- 
der of the frontal and parietal bones. The tumor 
was cystic in the center. 

With Neuman (1927) begin the modern rec- 
ords of the surgical removal of intracranial chon- 
dromas. His patient, a 22 year old male, had a 
tumor in the left temporoparietal region, produc- 
ing cephalalgia, vomiting, and transitory loss of 
consciousness, for 6 months. The very large 
chondroma had apparently no attachment either 
to the dura mater or to the falx cerebri or to the 
base of the skull to which it was said to extend. 
Sillevis Smitt (1929) records a case of a man, aged 
29 years, operated upon by Laméris. This patient 
suffered with headaches, vomiting, somnolence, 
papilledoma, progressive loss of vision, and a right 
spastic hemiparesis. The symptoms started after 
some psychic difficulties. The chondroma weigh- 
ing 128 grams, was located in the left parietal 
region and produced an endostosis which was 
visible on x-ray examination. It was attached to 
the dura mater which, in turn, could not be sepa- 
rated from the overlying bone. The 65 gram 
chondroma which was removed by Petit-Dutaillis 
from a man of 23 years and reported with Guillain, 
Bertrand, and Schmite (1930), and which caused 
headaches, papilledema, and left sided Jack- 
sonian seizures, was connected with the pachy- 
meninx in the right frontoparietal region. In 
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Fig. 1. A schematic drawing to show the two most fre- 
quent localizations of the intracranial chondromas: parietal 
region (10 cases) and the base of the skull (6 cases). 


Bruett’s (1931) case the tumor lay in the left 
frontoparietal area and produced an endostosis 
of the bone. Beneath the bony spur the dura 
mater was absent. The huge chondroma, reach- 
ing medially to the falx cerebri and extending 
downward, was compressing the brain to such an 
extent that the base of the skull was clearly visible 
in the anterior cranial fossa. For 5 years it had 
caused headaches and for 4 years papilledema, 
right hemiparesis, and right epileptic seizures had 
been noted. In Schuessler’s (1931) case, the 
chondroma of the left frontoparietal region was as 
large as one’s hand. It was removed, but the 
patient was not cured completely by the opera- 
tion. 

The falx cerebri was mentioned as the site of 
origin of the chondromas described by Froment, 
Wertheimer and Dechaume (1932) and by Ver- 
brugghen and Learmonth (1932). In the first in- 
stance, the patient died after operation, and from 
microscopic examination of sections of the tumor 
a diagnosis of benign chondroma was made. The 
growth was said to extend along the perivascular 
spaces to the two cerebral hemispheres. In the 
second instance the patient, 37 years old, had a 
neoplasm causing Jacksonian seizures, at first 
only in the lower, then in both left extremities, 
with a subsequent hemiparesis. The tumor pro- 
duced no signs of increased intracranial pressure. 
Glatzel operated upon a patient of Artwiriski 
(1933-1934), aged 26 years, who presented the 
typical picture of a right frontal tumor. The 
huge chondroma was attached to the dura mater 
on a wide surface. The patient was cured by the 
total enucleation of the tumor, but 3 years later 
he began to have epileptic attacks, occurring 
every month or two. Discussing Martin’s (1934) 
report, H. Roger (1934) mentions a case, not 
reported in the literature, of a very large chon- 


droma of the parietal region, extending toward 
the base of the skull, and producing symptoms of 
a seemingly typical tic douloureux. Wolf ard 
Echlin (1936) mention a case, seen by the second 
author, of an enormously huge chondroma firm|y 
attached to the base in a patient aged 64 years. 
An attempt to remove it at postmortem resulted 
in making an opening into the pharynx. Unfor- 
tunately, nothing is said about the intraviial 
symptomatology. 

Closely allied to the pure cartilaginous tumors 
are the mixed but not pluridermal neoplasms, 
viz.: the myxochondromas, myxochondro-angio- 
mas, osteochondromas, and the _ fibro-osteo- 
chondromas.' Cushing (1932) states that in his 
series of 2,023 cases of intracranial tumors only 
3 were osteochondromas of the cranial base, pro- 
jecting up into the cranial chamber. Jakob and 
Pedace (1933) report an autopsy case of a woman, 
aged 43 years, who presented intra vitam visual 
and auditory hallucinations and symptoms of a 
penalty neurosis. Four years after the onset of 
the disease the patient had an ictus apoplecticus 
and died. A benign diffuse fibro-osteochondroma 
with a fresh hemorrhage in the center of the 
tumor was found to invade the left parieto-occi- 
pital region of the brain. There was no attach- 
ment to the meninges. Platon (1933) removed an 
osteochondroma connected with the falx cerebri 
and Levitt (1934) an osteochondroma situated on 
the left side of the sella turcica. The 20 year old 
woman suffered with left sided cephalalgia and 
visual disturbances. Objectively, she had an 
almost complete left ophthalmoplegia, bilateral 
corneal hypesthesia, the roentgenograms showing 
on the left a calcified parasellar tumor. After its 
total removal the patient recovered completely. 
According to Ewing (1934), Oppenheim described 
a calcified myxochondro-angioma, as large as the 
fist, developing in the frontal region of a 16 year 
old boy 8 years after injury. 

The tumor in Martin’s (1935) case was located 
between the cerebral hemispheres. The very 
large myxochondroma compressing the corpus 
callosum had no attachment whatever, the falx 
cerebri being wholly absent. In spite of that the 
tumor is called a ‘‘volumineux myxochondrome 
de la faux du cerveau.”’ The patient had suffered 
for 7 years with headaches, vomiting, diplopia, 
and lowering of the visual acuity. With time he 
became irritable, developed a bilateral papille- 


1The chondrosarcomas and the osteochondrosarcomas are distinctly 
malignant tumors. They are therefore not included in this survey. Wolf 
and Echlin (1936) give an interesting example. The girl, 9 years old, fol- 
lowing a history of headaches and vomiting of only a little over 3'4 
months’ duration, presented the signs of a brain tumor, was operated 
upon, died one week later, and at autopsy was found to have a large os\co- 
chondrosarcoma attached to the falx cerebri and diffusely infiltrating 
both frontal lobes of the brain. 
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dema, bilateral central scotoma, and a left spastic 
hemiparesis. Roentgenograms showed “a light 
intracranial shadow.” Alpers (1935) reports a 
case of a recurring osteochondroma removed 
twice. The 49 year old man was operated on for 
the first time in 1921 because of Jacksonian 
seivures starting in the right lower extremity. An 
osteochondroma was found to grow out from the 
fal. cerebri. Seven years later the patient was 
agiin operated upon for the relief of right hemi- 
paresis; the x-ray pictures indicated in the left 
parietal region, slightly anterior to its previous 
Jocation, a recurrence of the partly calcified neo- 
plasm. Microscopically, the tumor proved to be 
also an osteochondroma. 

All of these benign tumors (with the exception 
of the invading chondroma of Froment, Wer- 
theimer, and Dechaume and of the fibro-osteo- 
chondroma of Jakob and Pedace) were hard, 
elastic, rounded, lobulated, and encapsulated 
tumors, often reaching great size. The milky- 
opaline surface of the neoplasms made their car- 
tilaginous nature quite obvious on inspection. 
Men seem to be much more frequently afflicted 
with these tumors than do women. The average 
age of the patients was 30 years, the youngest 
being 16, the oldest 64 years. The left side of the 
skull was affected 9 times, the right only 4. In 
the other patients the tumor was located cen- 
trally or its site was not stated. The parietal 
region of the brain seems to be the most common 
site of the chondromas (Fig. 1); 10 out of the total 
25 tumors were encountered hereabouts. The 
frontal region was involved three times, the third 
ventricle, the lateral ventricle, and the motor 
region, each harboring one neoplasm; the base of 
the skull was the site of the tumor in 5 other 
tumors. In 4 instances the neoplasm was attached 
to the falx cerebri, in 3 instances it was connected 
with the dura.mater of the convexity of the brain, 
in 1 with the superior longitudinal sinus, in 1 with 
the fornix of the third ventricle, in 1 with the 
plexus choroideus of the lateral ventricle, in 5 
with the base of the skull, and in 4 no attachment 
to the surrounding tissues was noted. 

As to the duration of the symptoms from their 
onset to the time of operation or autopsy the 
shortest period was 4 months; the longest, 7 
years. The most frequent complaints noted in 
the case histories are a more or less advanced 
hemiparesis and epileptic attacks of the Jack- 
sonian type, together with signs of increased 
intracranial pressure. The last were lacking in 
only 1 case (Verbrugghen and Learmonth). An 
endostosis overlying the tumor was seen in 3 
cases. In 3 instances the neoplasm was revealed 


Fig. 2. The appearance of the removed chondroma. 
Tumor weighed 220 grams. Two-thirds natural size. 


by shadows of calcification. In 1 case the symp- 
toms appeared 8 years after trauma (Oppenheim), 
in 1 subsequent to some psychic difficulties (Sille- 
vis Smitt). In other reports no mention is made 
about any possible inciting agents of the disease. 
In 9 of the 25 recorded benign tumors the diag- 
nosis was made at autopsy and in 16 instances at 
operation. Two patients died after operation 
(Nixon and Froment, Wertheimer and Dechaume), 
and 14 were cured by the total removal of the tu- 
mor. In Alpers’ patient, the osteochondroma 
recurred twice. 


REPORT OF CASE 


S. F., aged 31 years, farmer, married, was admitted to 
the Neurosurgical Division on May 1, 1937. In September, 
1931, he was hit by a heavy stone in the right parietal re- 
gion. After the accident he did not lose consciousness but 
complained of severe headaches, nausea, and vertigo. 
There was bleeding from the right ear and nose. The x-ray 
pictures of the head showed a closed, depressed fracture 
in the right parietal region, from which three linear frac- 
tures were seen to descend toward the base of the skull. 
Two days after the accident, during which the patient com- 
plained only of cephalalgia, he was operated upon in the 
County Hospital in Skierniewice (Dr. Witkowski), and all 
the depressed bone fragments were elevated and removed. 
The dura mater was found to be severed but the inspected 
part of the brain appeared normal. The patient left the 
hospital 9 days later, feeling entirely well. 

In June, 1936, patient’s home was burned and he be- 
came depressed. He complained of attacks of severe head- 
ache localized chiefly in the left half of the skull, occurring 
at first rarely, then once a week, sometimes accompanied 
by vomiting. One and a half months before admission he 
started to be at times jocular, at times irritable and ready 
to cry for no reason at all. According to the family, several 
times, during periods of cephalalgia, he had some attacks 
of rotation of the head to the right, no seizures being ob- 
served. On admission patient was very apathetic and slow 
but oriented as to the time, place, and current events. 
When in the hospital he urinated several times in the ward 
and was frequently found to wet his bed involuntarily. 
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Fig. 3. Photomicrograph showing the stellate cells, con- 
taining peculiar vacuoles. The other cells in process of 
atrophy and degeneration. The homogenous hyaline ma- 
trix staining pale-rose. 


There was nothing pathological in internal organs; neuro- 
logically only some weakness of the lower branch of the 
right facial nerve and a dilatation of the right pupil was 
noted; otherwise the examination as well as the laboratory 
findings (the cerebrospinal fluid, blood, and urine) were 
essentially negative. Roentgenograms of the skull showed 
in the right parietal region a fairly well defined loss of bone 
substance, 8 centimeters long and 2.5 centimeters wide. 
On palpation the bottom of this bone defect felt rather 
hard and rugged and it was thought that it was probably 
filling out by still uncalcified new bone formation. 

To establish the diagnosis ventriculography was at- 
tempted on May 4, 1937. Several attempts to puncture the 
cellula media of the right lateral ventricle was unsuccessful. 
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Fig. 4. Photomicrograph showing cells the cytoplasm 
of which extends into processes entering the amorphous 
matrix. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 5. Photomicrograph showing the transition of the 
chondrocytes into compound granular corpuscles seen here 
in the perivascular space of a small blood vessel. 


The left ventricle was reached at normal depth but only 10 
cubic centimeters of the cerebrospinal fluid could be with- 
drawn and the same amount of air introduced. However, 
during the procedure the restless and loudly crying patient 
pushed out apparently all of the injected air from the ven- 
tricles, for the x-ray plates showed no air inside the skull. 
The same day an encephalogram was made, 30 cubic centi- 
meters of air being injected in 5 cubic centimeter portions. 
But, just before the completion of the procedure, the air 
rushed back through the needle and none entered the skull. 
The next day encephalography was repeated (60 cubic 
centimeters of air being introduced), but for the second 
time the result was negative, practically no air entering 
either the ventricles or the subarachnoid spaces of the brain. 

Although we were at a loss how to explain these unusual 
difficulties in introducing air both into the ventricular and 
the subarachnoid system, we decided to explore the region 
of the skull fracture. Our assumption was that the pa- 
tient’s headaches, his psychic and emotional disturbances 
might be due to a subdural hematoma situated over the 
right cerebral hemisphere causing the discrete paresis of 
the right oculomotorius (dilatation of the pupil) and com- 
pressing the right lateral ventricle. By pushing the con- 
tralateral (left) cerebral hemisphere toward the wall of the 
skull the hematoma could thus produce the homolateral 
(right) lower facial weakness and the attacks of rotation 
of the head to the right. 

Accordingly, on May 5, 1937, a right frontoparietal osteo- 
plastic flap was turned down with the skull defect at its 
base. A ventricular needle introduced through the very 
tense and non-pulsating dura mater encountered just below 
the uncovered pachymeninx a hard resistance. Our first 
impression was that we might be dealing with a depressed 
bone fragment left here unintentionally at previous opera- 
tion, but we soon found that it was a huge tumor. The 
wholly encapsulated and lobulated neoplasm, almost as 
large as one’s fist, was easily enucleated (Fig. 2). It occu- 
pied the parietofrontal region, it was located parasagittally 
in the parietal region and extended toward the base of 
the skull in the frontal region. The tumor had no attach- 
ment either to the dura mater or to the falx cerebri. No 
blood vessels of any importance were seen to connect it 
with the surrounding cerebrum. The cortex was dry and 
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Fig. 6. Photomicrograph showing a large blood vessel 
with a widely dilated perivascular space growing from the 
perichondrium between two lobules of the chondroma. The 
perivascular space loaded with compound granular cor- 
puscles. 


anemic, and the non-pulsating brain, which was pushed 
laterally and backward, showed no tendency to fill out the 
large cavity resulting from the enucleation of the neoplasm. 
During the removal of the tumor the patient—slightly 
shocked by the procedure—had a generalized epileptic 
attack but otherwise went through the operation quite well. 

Except for a left motor and sensory hemiplegia, which 
developed immediately after the extirpation of the tumor 
and subsided 4 days later, the postoperative course was 
uneventful and the patient left the hospital on May 26, 
1937, entirely free of signs and symptoms. Unfortunately 
we lost track of him and cannot report his present con- 
dition." 

1The case was presented before the Warsaw Neurological Society, 
May 26, 1937. 


Fig. 7. Photomicrograph demonstrating the collaginous 
area of the chondroma. 


Microscopic examination revealed the tumor to be a 
chondroma of the hyaline variety, although here and there 
some collaginous areas are also present. No elastic fibers 
were demonstrable in the matrix with special stains. In 
some places the amorphous hyaline matrix was very young, 
and showed a definite affinity to hematoxylin; in other sec- 
tions it stained with eosin. As a whole there was great 
variation in the density and intensity of the eosinophilic 
staining of the matrix. With the Van Gieson method it 
became brown in some areas, like adult cartilage. In sec- 
tions where the matrix was well formed the cells, varying 
greatly in size and shape, were usually round, oval, or fusi- 
form, and lay in distinct capsules, singly or twofold. The 
cells were often gathered into large or small groups. In 
sections with imperfect formation of matrix, the staining 
was pale-rose, the cells were also stellate and contained 
commonly peculiar vacuoles, which resembled those de- 
scribed by Virchow as ‘‘physaliden” (Fig. 3). In some 
places the cartilage capsules, which were not always very 
distinct, were either empty or wholly absent and the cells 
lay then directly in the matrix. In such areas there were 


Fig. 8. Cross section of the chondroma showing multiple areas of degeneration lead- 
ing to the formation of small cysts and cavities. 
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Fig. 9. Photomicrograph demonstrating the so called 
asbestos transformation of the homogenous matrix. 


also cells with cytoplasm which extended into long proc- 
esses entering the interstitial tissue. Often fat granules 
were seen in the cells, some of which had the appearance of 
compound granular corpuscles. The latter (Fig. 5) were 
found especially in the widely dilated perivascular spaces 
of the blood vessels which issued from the perichondrium 
and extended into the interior of the tumor with the con- 
nective tissue septa (Fig. 6). Such septa divided the chon- 
droma into single cartilaginous lobules. The thick or thin 
collaginous bundles formed either a dense network running 
in all directions or they were gathered together into dis- 
tinctly oriented fibers (Fig. 7). 

The perichondrium was composed of bundles of connec- 
tive tissue fibers more or less closely twisted and applied 
each to the other. The border line between the perichon- 
drium and the cartilaginous matrix was often not very 
distinct, the cells under the perichondrium being flattened 
and running in a plane parallel with the surface of the 


Fig. 10. Photomicrograph showing one of the cavities 
formed by confluence of cell lacune. The arrows indicate 
some of the enlarged lacune opening into the cavity. 


Fig. 11. X-ray picture of the removed chondroma show- 
ing foci of calcification. They were invisible on roent- 
genograms of the skull made before the operation. 


tumor. Here and there one had the impression of the 
presence of intermediate forms between the perichondrial 
fibroblasts and the cartilage cells. The regressive changes 
were leading to the formation of cysts of various sizes, 
which were visible to the naked eye when the tumor was 
cross sectioned (Fig. 8). Such cysts were filled out either 
with a serous or a mucin-like material. Under the micro- 
scope the processes of degeneration were found in different 
stages and in different forms. For instance, the usually 
homogenous matrix was fibrillated, softened and rarefied 
(the so called asbestos transformation, Fig. 9) or it was a 
cavity which was either empty or contained some unformed 
material. Such cavities were not necessarily the result of 
softening, because they could have been produced by the 
confluence of cell lacune which had become irregular and 
enlarged (Fig. 10). The calcification—as seen also on x-ray 
pictures of the removed tumor (Fig. 11)—was limited to 
the most superficial layers of the neoplasm, the lime salts 
being deposited in the matrix in form of homogenous 
masses. 

We maintain our assumption that the discrete 
signs on the side containing the verified lesion 
were most probably caused by the huge chon- 
droma which pushed the other hemisphere toward 
the wall of the skull. We also maintain that the 
difficulties encountered in introducing the air, 
both into the ventricular and the subarachnoid 
system, were due to a serious obliteration of the 
cerebrospinal fluid spaces by the tumor and the 
compressed brain. 

The not infrequent homolateral involvement 
of the pyramidal tract in the presence of a brain 
tumor and of a subdural hematoma is, at present, 
a well known fact. Of the several possible causes 
of such an involvement we will mention only two, 
viz., notching of the contralateral crus cerebri by 
the free margin of the tentorium and compression 
of the contralateral cerebral hemisphere toward 
the wall of the skull. In this connection we would 
refer to the detailed reports of Gould (1928) and 
of Kernohan and Woltman (1929). 
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However, the presence of a cartilaginous tumor 
inside the cranial cavity raises the question as to 
origin. Such tumors lie free of any gross connec- 
tions with the surrounding structures, and are 
more or less finished products of abnormal 
growths, so that it is not surprising that the 
origin of the growth cannot be positively deter- 
mined. As in our case so it has been with many 
other chondromas reported in the literature. 
Many explanations have been given as to the 
source of such intracranial tumors. 

For the majority of chondromas developing in 
the soft tissues it is generally seen in embryonal 
cartilaginous cell groups misplaced by dysonto- 
genesis. If this hypothesis as to the etiology of 
some cartilaginous tumors located elsewhere, is 
accepted, as it usually is, there is no good reason 
that the hypothesis should not hold good at least 
for some intracranial chondromas. 

Since the base of the skull at first is entirely 
formed of cartilage, the origin of chondromas 
situated here may be explained on the ground that 
some cartilage cells left during the developmental 
period retained their embryonal character and 
gave rise to chondroma formation. This explana- 
tion looks plausible prima vista. However the 
vault of the skull is commonly considered to be 
composed of membranous bones so that such a 
hypothesis rests on less firm ground. Looking 
closely to the problem—at least as regards the 
higher vertebrates—it would seem that, since 
the ontogenesis of the human skull repeats in 
many details its phylogenesis, it is perhaps per- 
missible to look for the source of the chondromas 
in persistent embryonal cartilage rests, even 
when growths are located on the roof of the cra- 
nium. According to Dursy (1869) some portions 
of the cranium primordiale regress in later stages 
of development and are replaced by membranous 
bones. Such is the case with the part replaced 
later by the parietal bone but some of its cartilag- 
inous portion fails to disappear completely. It 
merges with the membranous part so that the per- 
manent parietal bone is finally composed of both 
the cartilage and dermal elements. Therefore the 
dermal origin of the vault of the skull is by no 
means absolute. Minot (1884) is of the same 
opinion and maintains that at the time when the 
cartilaginous skull is stretching and growing up- 
ward it comes in close contact with the dermal 
frontalia, parietalia, and interparietalia, so that 
when they finally ossify the permanent bones con- 
tain some cartilaginous elements. Bonnet (1891) 
supports these opinions, inasmuch as he showed 
that the membranous skull contained some car- 
tilaginous foci. Koelliker (1893), who demon- 


strated cartilage in the squama of the temporal 
bone, a finding confirmed later by Gaupp (1901), 
asserts that the membranes from which later 
some parts of the frontal, temporal, and parietal 
bones, some parts of the nasal bone and of the 
vomer are formed, may be considered as belonging 
to the perichondrium of the primordial cranium 
or as its continuation. 

In connection with the data quoted pointing 
toward the possible dermomembranous origin of 
the parietal bones it might be worth while to 
re-emphasize the frequent occurrence of chon- 
dromas around that exact region of the skull 
(Fig. 1). 

Most of the tumors reported were closely at- 
tached to the dura mater. It is, of course, a well 
known fact that foci of superfluous cartilage are 
found in the periosteum of skeletal bones. It is 
true that contrary to the bony plaques not infre- 
quently found in the dura mater and in the 
arachnoidea and to the arachnoideal inclusions 
encountered in the dura mater, no cartilaginous 
foci—embryonal or adult—have heretofore been 
reported as present in the meninges. This might 
be due to the lack of careful search for them. 
Theoretically, however, the growth of dural chon- 
dromas, as well as of those attached to the falx 
cerebri and to the superior longitudinal sinus 
from embryonal cartilaginous rests misplaced 
from the bones of the skull into the dura mater, 
is perhaps possible also in other sites than near 
or at the base of the skull. The same is true for 
the chondromas reported as lying grossly free in 
the cranial chamber, i.e., not connected either with 
the skull or with the dura mater, tumors which in 
our opinion are of leptomeningeal origin, and in 
which some discrete attachment to the arach- 
noidea is easily overlooked during removal of an 
often very large tumor. The presence of aberrant 
embryonal cartilaginous rests in the leptomen- 
inges might be explained as follows: The young 
vascularized mesenchyme which will later build 
up the pia mater grows both from above—from 
the primitive falx—and from below—from the 
base of the skull. It is therefore possible that the 
budding young blood vessels included in the 
embryonal pia mater creeping over the entire 
brain may carry with them colonies of cartilage 
cells and deposit these cells as they proceed on 
their way. It is important, we feel, to note that 
with the exception of the 2 cases of Letterer 
(1920), in one of which the tumor was connected 
with the tela choroidea of the third ventricle, and 
in the other the growth was attached to the plexus 
choroideus of the lateral ventricle, none of the 
reported chondromas was really intracerebral. 
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Although imbedded in the brain substance, they 
were all extracerebral. As he noted cartilage-like 
cells in the mesenchyme above the choroid plexus 
anlage in a 10 week embryo, Letterer (1920) con- 
sidered his case of chondroma of the third ventri- 
cle to be the result of misplaced embryonic car- 
tilaginous cells. 

There is another way to explain the source of 
intracranial chondromas than by budding of the 
aberrant embryonal rests of cartilage. If it is 
true that common connective tissue tumors of the 
cranial cavity are derivatives of the pluripoten- 
tial undifferentiated mesenchyme, then one is 
forced to the conclusion that at least some of the 
intracranial chondromas are the result of neo- 
plastic growth of undifferentiated mesenchymal 
cells. As such cells are able to give birth to men- 
ingeal mesenchymatous, angioblastic, meningo- 
theliomatous, psammomatous, osteoblastic, fibro- 
blastic, melanoblastic, sarcomatous, and lipo- 
matous neoformations (Bailey and Bucy, 1931), a 
chondroma closely connected with the meninges 
would be nothing but another variety of a “ men- 
ingioma,”’ and the plurivalent mesenchymal cells, 
persistent in the meninges, would develop into 
chondrocytes (Maximow, 1934). The neoplastic 
budding of the embryonal mesenchyme instead 
of persisting (in adult meninges), may be mis- 
placed by dysontogenesis, for instance, to the 
surface of the medullary canal and produce a 
chondroma in a place one would hardly expect to 
be the site of such a neoplasm. In fact Letterer 
(1920) explains his second case of chondroma on 
the ground that some remnants of mesenchymal 
cells of the dura mater were misplaced in the 
lateral ventricle and there formed a cartilaginous 
tumor. Indeed, he mentions the theory of Feré 
(1896), that the very young undifferentiated 
tissue is capable not only of growing in foreign 
tissues but of becoming differentiated into 
cartilage. 

The fibroblast is also pluripotential, however, 
and is capable of producing osteoblasts, osteo- 
cytes, and chondrocytes (Maximow, 1934). 
Beneke (1901) believed that cartilaginous tumors 
of the subcutaneous tissue, of the mamillary 
gland, of the bladder mucosa, and of the corpus 
vitreum are best explained by metaplasia of con- 
nective tissue. The ideas of Sillevis Smitt (1929) 
and of Bruett (1931) are very much the same. 
Smitt, taking into consideration the fact that the 
outer layer of the dura mater represents the 
cranial endosteum and that all periosteum has 
the ability to form cartilage (cartilaginous callus), 
expresses the opinion that the dura mater might 
also under certain circumstances take up that 
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potential function and “running off the rails” 
produce a chondroma. This consideration of the 
potentialities of the dura mater is based on the 
results of some physiological experimenis, 
Cohnheim and Mass (1877) introduced into the 
jugular vein of experimental animals particles of 
tibial periosteum, and found in the blood vessels 
of the lungs, 10 to 16 days later, that the inside 
of the periosteum was covered with layers of 
hyaline cartilage cells. Before then and after 20 
days, however, the result was negative. Koller 
(1886) demonstrated that not only the periosteum 
of the bone preformed in cartilage has under cer- 
tain circumstances the ability to form cartilage 
but that the same is true also for the periosteum 
of bones preformed in skin (experiments on 
rabbits). 

Guillain et al. (1930), having established near 
the blood vessels of the tumor some stages of a 
rapid transition between the normal connective 
tissue elements, the fibroblasts and the neoplastic 
chondroblasts, believe that the chondroma re- 
sulted from the transformation of a connective 
tissue layer, probably the dura. Alpers (1935) 
believes that in his case the osteochondroma was 
derived from meningeal fibroblasts. These points 
of view again link the intracranial chondromas 
with the meningiomas; Mallory (1920) and Pen- 
field (1923) uphold the idea that the meningeal 
(arachnoideal) fibroblasts are the source of com- 
mon meningeal tumors. 

The explanation of the origin of the chondromas 
on one hand by budding of the embryonal car- 
tilaginous rests left in place (chondromas attached 
to the base of the skull) or misplaced into the 
neighboring tissues and on the other hand by 
development of those tumors from persistent and 
aberrant foci of meningeal mesenchyme or from 
leptomeningeal fibroblasts (chondromas attached 
to the dura mater and to the leptomeninges), is 
only a part of the problem; the “why” of this 
budding is the rest.! 

The casual relationship between new-growth 
formation and trauma, inciting to action a latent 
genius loci, has ever been a much discussed ques- 
tion. According to Borst (1902) the percentage 
of cases attributed to trauma ranges between 2.5 
and 44.7 per cent. As is well known, trauma, in 
addition to some irritative processes such as 
pachymeningitis, is often thought to play an 
important réle in the etiology of meningeal tu- 
mors. The presence of inflammation and trauma 
preceding the appearance of chondroma, espe- 
cially of the long bones, is also a frequent etio- 


1Letterer (1920) calls his 2 tumors Goines (Albrecht), Jakob and 
Pedace (1933) use the term hamartoblastoma. 
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logical finding. However, except for the case of 
Oppenheim, reported by Ewing (1934), in the 
reported intracranial chondromas, no injury to 
the head is mentioned as preceding the appear- 

ance of the symptoms. We feel that our case ful- 
fills all the clinical and pathological requirements 
necessary to assume a causal relationship between 
the injury and the formation of the tumor: the 
microscopically verified tumor, of slow growing 
variety, developed in the very region of a severe 
skull fracture sustained 6 years previously by a 
man up to then apparently healthy. It is true 
that the tear in the dura mater at the time of the 
débridement was only 1 centimeter long and, as 
no further openings were made, not much of the 
underlying brain could be inspected. However, 
the patient before the accident was entirely symp- 
tomless, the brain pulsated and the portion seen 
at the operation appeared normal. We believe 
therefore that we are at least near the truth when 
we state that a causal relationship most probably 
existed between the skull fracture and the appear- 
ance of the chondroma. 

Therefore, several possible explanations of the 
source of the grossly free lying chondroma are 
open to discussion: an injury causing fragmenta- 
tion of the parietal bone might free some em- 
bryonal cartilaginous rests still remaining from 
the development of the bone, consisting perhaps 
of melting down of dermal and cartilaginous ele- 
ments. The liberated colony of cartilage cells 
being thrown under the pachymeninx, may arrive 
in the meshes of the arachnoidea, and apparently 
finding suitable conditions for further growth and 
behaving here “‘as the wild beasts which escaped 
their cages” (de Quervain) produce a chondroma. 
Or, a fragment of fractured bone may cause a 
dormant embryonal cartilaginous or mesenchy- 
mal cell colony misplaced or persistent in the 
leptomeninges to bud and to form a cartilaginous 
new-growth. Finally, the same bone fragment 
might incite the leptomeningeal fibroblasts to 
give origin to a chondroma. Any one of those 
possibilities may play a réle in the formation of 
a chondroma, but none can be proved decisively 
to be the cause, as unfortunately the only two 
elements at our disposal to judge the problem on 
are (1) the trauma and (2) the fully grown car- 
tilaginous tumor. 

SUMMARY 

1. The rare occurrence of solitary intracranial 
cartilaginous tumors is emphasized. 

2. The salient clinical features of the 25 cases 
recorded in the literature, including 16 pure chon- 
dromas and g mixed but not pluridermal carti- 
laginous new-growths, are briefly reported. 
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3. One personal observation of a solitary chon- 
droma of the right parietofrontal region in a man 
aged 31 years is presented. The tumor appeared 
at the exact site of a depressed skull fracture sus- 
tained by a man healthy until 6 years ago, when 
he sustained the injury which produced head- 
aches, vomiting, vertigo, psychic and emotional 
disturbances, a right lower facial paresis and 
dilatation of the right pupil. The patient is said 
also to have suffered attacks of rotation of the 
head to the right. The psychic and emotional 
changes and the dilatation of the right pupil could 
easily be explained by the presence in the right 
half of the skull of a huge neoplasm, weighing 
220 grams, seriously compressing the frontal lobe 
and the right oculomotor nerve. The homolateral 
signs (attacks of rotation of the head and the 
lower facial weakness) were probably the result 
of the chondroma pushing the left cerebral hemi- 
sphere toward the contralateral wall of the cra- 
nium. The difficulties of introducing air both into 
the ventricular and subarachnoid system, encoun- 
tered in our case, were probably also the result 
of spatial changes inside the skull caused by the 
expansive and slow growing chondroma. The 
tumor was completely enucleated and the patient 
left the hospital cured. 

4. The several possible explanations of the ori- 
gin of intracranial chondromas—including the 
presented case—are discussed and their specula- 
tive character is pointed out. The tumors growing 
out from the base of the skull or closely connected 
with the other bones of the cranium (especially 
at or around the parietal region) are probably 
best explained by tumor-like budding of cartilagi- 
nous rests persistent there from the early devel- 
opment of the skull. Young mesenchyme or the 
fibroblasts of the pachymeninges and _lepto- 
meninges may be the source of the chondromas 
attached to the dura mater of the convexities, 
falx cerebri, or the superior longitudinal sinus and 
of those which are described as lying free from 
any gross connection with the surrounding tissues 
but which, in our opinion, are most likely con- 
nected with the leptomeninges. No truly intra- 
cerebral chondromas have been reported. Trauma 
may be said to be the provocative agent in pro- 
ducing these abnormal growths. 
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ACUTE PUTRID ABSCESS OF THE LUNG 
III. Roentgenographic Features 


ARTHUR S. W. TOUROFF, M.D., F.A.C.S., and HAROLD NEUHOF, M.D., F.A.C.S., 
New York, New York 


CUTE anaerobic (putrid) pulmonary ab- 
scess is a primary suppurative disease of 
the lung, the diagnosis of which is based 
essentially upon fairly characteristic clin- 

ical manifestations and roentgen features. Al- 
though the symptomatology of the disease has 
been the subject of previous discussion (4), little 
has been written concerning the roentgenographic 
findings. As a result, a general lack of apprecia- 
tion of the significance of a number of roentgeno- 
graphic features of the disease seems to exist. Our 
purpose in presenting the subject in some detail, 
at this time, is to emphasize the value of the roent- 
genogram not only in establishing the diagnosis of 
acute putrid pulmonary abscess but also in serving 
as a guide to the prognosis and treatment of the 
disease. 

Roentgenograms in cases of acute putrid abscess 
of the lung fall into two general groups: first, those 
disclosing a well defined cavity containing fluid 
and air, and, second, those disclosing essentially 
an area of pulmonary infiltration. Films disclos- 
ing a cavity of fair size containing a fluid level are 
also to be seen in such diseases as aputrid necrosis 
complicating lobar pneumonia, aerobic (non-pu- 
trid) pulmonary abscess, tuberculosis with cavita- 
tion, necrotic pulmonary neoplasm, small encap- 
sulated pyopneumothorax, partially empty pul- 
monary cyst, pulmonary infarction with cavita- 
tion, and pulmonary cavitation due to infection 
by higher bacteria (especially streptothricosis and 
leptothricosis). Films disclosing essentially an area 
of fairly dense pulmonary infiltration, as noted in 
the second group of cases of acute putrid pul- 
monary abscess, are also to be seen in a variety of 
pulmonary diseases, the most common of which 
are the pneumonias due to various organisms, 
tuberculosis, localized bronchiectasis, pulmonary 
neoplasm, infarction of the lung, etc. Thus, it is 
obvious that the diagnosis of acute putrid pul- 
monary abscess cannot be made by roentgenog- 
raphy alone, and that in the final analysis the 
symptomatology of the patient must constitute 
the basic criterion of diagnosis. Roentgenography, 
however, is a diagnostic method of prime impor- 
tance, and one which is essential for corroboration 
of the clinical diagnosis. Furthermore, for pur- 


poses of accurate localization of the lesion it is 
indispensable. Finally, it serves as a most reliable 
guide to the progress and prognosis of the disease. 
Since the clinician is charged with the responsibil- 
ity not only of establishing the diagnosis but also 
of making the decision as to the type of therapy 
and the time when it is to be instituted, it is essen- 
tial that he be thoroughly acquainted not merely 
with the clinical manifestations of the disease but 
with its roentgenographic features as well. 

In order to avoid any misunderstanding of the 
term “acute abscess,” we arbitrarily designate as 
acute cases those of not more than 6 weeks’ dura- 
tion from the time of onset of pulmonary mani- 
festations (2). The observations about to be re- 
corded are based upon a study of more than 150 
such cases. Sixty-five of these have been subjected 
to operation, at various times within the afore- 
mentioned 6 week period, by methods which we 
already have described (2). These cases are of 
particular value for purposes of discussion because 
the actual pathological findings, as disclosed at 
operation, have been correlated directly with pre- 
operative roentgen findings. Thus in each case, 
not only the correctness of pre-operative diag- 
nosis but also the accuracy of interpretation of 
finer details of roentgenograms have been deter- 
mined. Prior to our advocacy of operation in the 
acute stage of putrid abscess of the lung (2), there 
was little opportunity to study the pathological 
features of this stage of the disease or to correlate 
them with the early roentgenographic findings. 
As a result of our experience with these surgically 
treated cases, however, we not only have learned 
much concerning the pathology of acute abscess 
of the lung, but also have come to appreciate the 
significance of certain roentgenological findings 
which formerly appeared to be of little moment. 
Since correct interpretation of the details of the 
roentgenogram is based essentially upon a knowl- 
edge of the pathological features of the disease, a 
brief description of the pathology of acute pul- 
monary abscess now will be presented. 


PATHOLOGY 


Acute putrid abscess of the lung, the result of 
known or assumed aspiration of anaerobically in- 
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fected material, begins in and distal to one of the 
smaller bronchi at the site of arrest of such aspi- 
rated particulate material. An intense, destruc- 
tive inflammation occurs almost immediately in 
the involved bronchus and its tributary bronchioles 
and alveoli. The result is a localized gangrenous 
bronchopneumonia involving part or all of a bron- 
chopulmonary segment (1). Necrosis and lique- 
faction of the structures in the involved area soon 
supervene, and result in the formation of a localized 
abscess containing foul pus, pulmonary sloughs 
and detritus. Abscess formation (cavitation) oc- 
curs early, and usually is present within a week to 
10 days of the onset of infection. The lesion invari- 
ably is situated superficially within one of the 
lobes of the lung. As a result, early and pro- 
nounced overlying adhesive pleuritis occurs. This 
is present in all cases and constitutes a constant 
pathological feature of the disease. Depending 
upon the site of the abscess, the visceral pleura 
overlying the lung in the involved area is agglu- 
tinated to the thoracic parietal pleura, to the 
diaphragmatic pleura, to the mediastinal pleura, 
or to an adjacent lobe. Thus, the “typical” acute 
putrid abscess as noted at operation is a solitary 
cavity, varying from 1 to 3 inches in diameter, 
situated within the lung only a short distance be- 
neath the visceral pleura. The walls of the cavity 
consist of infiltrated, compressed pulmonary tis- 
sue, usually covered by adherent detritus and pre- 
senting the mouths of one or more eroded bronchi. 
The contents of the cavity, at any given time, de- 
pend upon the degree of necrosis and liquefaction 
which already has occurred and also upon the 
degree of spontaneous drainage and aeration which 
has taken place through the communicating bron- 
chus or bronchi. Ata very early stage, the involved 
area is occupied by pulmonary tissue which is 
undergoing necrosis but still merges with the rel- 
atively more normal tissue at its periphery. At a 
later stage, the involved tissue begins to liquefy 
and becomes demarcated at various points. In 
these areas it becomes separated from the “‘wall”’ 
of the abscess cavity. Subsequently, the slough 
separates completely and itself liquefies entirely 
or in part. With the onset of initial liquefaction, 
spontaneous drainage and aeration through the 
communicating bronchi occur in varying degree. 
These phenomena depend not only upon the fluid- 
ity of the contents of the cavity but also upon the 
patency of the bronchi which open into the cavity. 
Bronchial patency is determined by the degree of 
inflammatory swelling of the bronchial mouths 
and the degree of their obstruction by exudate. If 
drainage and aeration via the bronchial tree are 
adequate and the anaerobic infection is controlled, 


the lesion may heal spontaneously. If not, the 
lesion becomes chronic in the vast majority of 
cases. Since our paper deals specifically with acute 
putrid abscess of the lung, the pathological fea- 
tures of the subacute and chronic phases will not 
be described. 


FACTORS RESPONSIBLE FOR ROENTGENOGRAPHIC 
FINDINGS 


Various gross pathological changes, which occur 
within the involved pulmonary area during the 
acute stage of the disease, have their counterpart 
in changes which are to be noted in the x-ray film. 
In general, the roentgenographic features depend 
upon a combination of the following circumstances: 
(1) the size of the lesion, (2) its location, (3) the 
degree of infection present, (4) the degree of lique- 
faction which has occurred, (5) the degree of spon- 
taneous drainage and aeration which has taken 
place via the bronchial tree, (6) the presence or 
absence of extension of the lesion beyond its orig- 
inal limits, (7) the extent and intensity of the over- 
lying pleural reaction, (8) the presence or absence 
of perforation of the lesion into the pleura, to- 
gether with the degree and extent of the accom- 
panying pleural response, (9) certain factors which 
are concerned with roentgenographic technique. 
Since each of these factors is variable, it is evident 
that combinations of them will result in roent- 
genograms with widely varying details. Thus, 
roentgenographic differences may exist not only 
between one case of acute putrid pulmonary ab- 
scess as compared with another, but also between 
serial films in individual cases. All other factors 
remaining constant, the time interval between the 
onset of infection and the taking of the roent- 
genogram is the factor chiefly responsible for the 
varied roentgen findings. Thus, if comparisons 
are to be made between the findings in various 
cases, it is essential that the films which are to be 
compared be taken at corresponding times fol- 
lowing the onset of the disease. 

In the individual case, time is also the factor 
largely responsible for the changing roentgen pic- 
ture. For example, in the earliest phase, evidence 
of cavitation is not to be noted in the roentgeno- 
gram. As necrosis and liquefaction progress, how- 
ever, evidence of cavitation in one form or another 
generally appears. As will be pointed out later the 
time at which typical evidence of cavitation is 
noted varies considerably, and in some instances 
may be delayed far beyond the usual period. 

While it is not our intention to discuss the treat- 
ment of acute putrid abscess of the lung, it is 
proper to stress the dangers of prolonged obser- 
vation of patients pursuing an unsatisfactory clin- 
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ical course, in order to await the appearance of 
“typical” evidence of cavitation. Serious com- 
plications, which increase the morbidity and the 
immediate and ultimate mortality, may result from 
such undue delay of therapy. If the clinician 
realizes that “typical” evidence of cavitation is 
not the sine qua non of roentgen diagnosis and has 
a knowledge of the various roentgenographic fea- 
tures of the disease and their significance, he is in 
a position to corroborate the clinical diagnosis at 
an early stage and therefore to begin his thera- 
peutic efforts promptly. As we have shown else- 
where (2, 3), operative treatment is especially im- 
portant in the early stages of cases which are not 
progressing satisfactorily. 


ROENTGENOGRAPHIC EXAMINATION 


Films are taken upon admission of patient to 
the hospital and, if the clinical progress is satis- 
factory, at weekly intervals thereafter. If the 
clinical manifestations indicate an unfavorable 
course, or if the initial films suggest that early 
operative intervention may be desirable, films are 
taken more often. If, at any time, there is a rise 
in temperature, sudden cessation or marked dimi- 
nution of expectoration, recurrence of pain in the 
chest, dyspnea, or the appearance of new or un- 
toward physical signs or symptoms, immediate 
roentgen examination is imperative. 

Films are taken routinely with the patient in 
the erect posture, placed carefully in the postero- 
anterior and then in the lateral position. Although 
slight rotation of the body out of the exact postero- 
anterior or lateral position as a rule makes little 
difference from the standpoint of diagnosis, it may 
result in inaccurate localization of the lesion. 
Since we are not concerned in this article with 
methods of localization, this phase of roentgenog- 
raphy shall not be discussed, but will be the sub- 
ject of a separate communication in the near 
future. 

There are several reasons for taking films rou- 
tinely with the patient in both the postero-anterior 
and lateral erect positions. Postero-anterior films 
reveal the details of the vast majority of lesions 
clearly and in accurate proportions. Certain de- 
tails not visible clearly in the postero-anterior 
view often are noted readily in the lateral view. 
At times single or multiple small fluid levels, vis- 
ible when the patient is in the postero-anterior 
position, may not be seen with the patient in the 
lateral position (Figs. 11 and 12), and vice versa 
(Figs. 13 and 14). Very frequently accentuation 
of the interlobar fissures, the significance of which 
will be discussed later, will be indistinct or not 
seen at all in the postero-anterior film, while in the 
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lateral film it will be clearly discernible (Figs. 12 
and 14). The details of lesions lying behind or in 
front of the heart or hilus of the lung may be more 
distinct in the lateral than in the postero-anterior 
film. On the other hand, lesions lying on either 
side of the heart, or immediately lateral to the 
hilus of the lung, or in the paravertebral region, 
may be more readily visible in postero-anterior 
than in lateral films. Finally, films taken with the 
patient in the erect position, in contrast with those 
taken in the recumbent or semi-recumbent posi- 
tion, are essential for the demonstration of fluid 
levels. Recumbent or semi-recumbent films are of 
little or no value for this purpose, because air 
situated above fluid cannot be demonstrated when 
the rays are directed in such a manner as to pene- 
trate them in succession, that is from above 
downward. 

The significance of a horizontal line of increased 
density, seen in the postero-anterior or lateral 
erect film and suggesting the presence of a fluid 
level, may have to be determined by a film taken 
with the patient in the lateral recumbent position, 
or in the erect position with the body well tilted 
to one side or the other. Under such circumstances 
the presence of a fluid level is established if the 
line under suspicion remains horizontal regardless 
of the patient’s position. Oblique films, with the 
patient in the erect position, are of special value in 
those instances in which the area under suspicion 
tends to be obscured in the routine postero-ante- 
rior or lateral film. Thus, the details of a lesion 
lying in front of or behind the heart, or in close 
proximity to the sternum or vertebral column, are 
frequently clarified in an oblique film. Oblique 
films are occasionally of value when the lesion lies 
along the extreme lateral border, of the chest, and 
thus tends to be obscured by the superimposition 
of the anterior and posterior curvature of the ribs. 
When the lateral film discloses a posteriorly situ- 
ated lesion, certain details not entirely clear in the 
customary postero-anterior view may be more 
readily discernible in the anteroposterior position. 
With the patient in the latter position, the lesion 
lies closer to the film, there is less diffusion of the 
rays, and its image therefore is clearer. We do not 
employ stereoscopic films and wish again to em- 
phasize that simple postero-anterior and lateral 
films taken with the patient in the erect posture, 
have sufficed for purposes of diagnosis, localiza- 
tion, and determination of the progress of the 
lesion, in the majority of instances. 


ROENTGENOGRAPHIC FINDINGS 


We now proceed to the presentation of roent- 
genographic findings in acute putrid abscess of the 
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lung. These are usually readily explainable on the 
basis of a consideration of the pathological changes, 
as described in previous paragraphs. 

1. The typical case. The earliest roentgeno- 
graphic feature, to be noted in the typical case, is 
the appearance of a small area of pulmonary infil- 
tration. The latter is indistinguishable from a 
patch of bronchopneumonia of the usual variety, 
except that as a rule it is more sharply circum- 
scribed, its margins more rounded, and its limits 
more clearly defined (Fig. 2).!_ The infiltration 
usually becomes visible within a week of the onset 
of infection. The next phase consists of an in- 
crease in the density and in the extent of the infil- 
tration. The third phase begins with the onset of 
visible evidence of necrosis and cavity formation 
(Fig. 3). At this time, striking changes usually 
are to be noted in the roentgenogram. These con- 
sist in the occurrence of one or more small areas of 
increased illumination (diminished density), within 
the pre-existing area of infiltration, and are pro- 
duced by softening and liquefaction of small foci 
within the area of gangrenous bronchopneumonia. 
As liquefaction continues, these multicentric areas 
of softening tend to coalesce. Frequently their 
coalescence can be followed in serial roentgeno- 
grams, until the typical unilocular cavity is pro- 
duced (Fig. 4). Usually the major portion of the 
pre-existing area of pneumonic infiltration be- 
comes progressively excavated and, as a rule, 
only a thin rim of infiltrated and compressed pul- 
monary tissue remains peripherally as the ‘“‘wall” 
of the abscess cavity (Figs. 5, 6, and 7). Within 
the cavity, a horizontal level of fluid surmounted 
by air is seen. With changes in the position of the 
patient, the fluid maintains its horizontal level. 
In the average case, the diameter of the cavity 
varies from 1 to 3 inches, and the width of the sur- 
rounding pulmonary infiltration, from 4 to % an 
inch (Fig. 9). 

If drainage and aeration are adequate, the cav- 
ity becomes evacuated completely, the existing 
infection subsides and disappears, the surround- 
ing narrow zone of pulmonary infiltration is ab- 
sorbed, and the cavity disappears. Subsequent 
films then reveal limited, fine pulmonary fibrosis 
which either remains visible permanently or in 
time disappears completely. In general, a lesion 
which heals spontaneously is usually of com- 
paratively small size or is represented by an area 
of infiltration of comparatively slight density. 
Also as a rule, it passes fairly rapidly through the 
various phases of evolution and regression. Thus, 


1 Figures 1, 2, 3, and 4 illustrate the evolution of an acute putrid abscess 
of the lung in a graphic manner. Figure 1 represents a film of the chest 
taken several weeks before the patient developed the pulmonary abscess. 
We are indebted to Dr. William L. Watson for the use of these four films. 


in our experience, cases of acute putrid abscess of 
the lung which heal spontaneously usually regress 
completely or show a definite tendency toward re- 
gression well within the six week (acute) period. 
If by that time the tendency toward spontaneous 
resolution is not well established, the chances of 
its occurrence at a later date become increasingly 
remote. Accordingly, we have found a sharp de- 
crease in the number of cases which subside spon- 
taneously, and a corresponding increase in mor- 
bidity and mortality during the subacute stage 
(6 to 10 weeks). During the chronic stage, spon- 
taneous subsidence practically never occurs. 

2. Variations. A not uncommon variant from 
the typical picture as described is one in which the 
lesion is unusually large. As stated previously, 
the average acute abscess varies from 1 to 3 inches 
in diameter. In some cases, the lesion exceeds this 
size and on not a few occasions we have noted ab- 
scesses 4, 5, and even 6 inches in diameter. Ex- 
cavation in these cases proceeds as rapidly and at 
times even more rapidly than in the “typical” 
cases (Figs. 5, 6, and 7). Because numerous 
bronchi in the involved area undergo necrosis, 
large abscesses often drain and ventilate fairly 
freely. They therefore appear in the roentgen film 
as large air-filled cavities containing comparatively 
small amounts of fluid and surrounded by zones of 
pulmonary infiltration of varying width. Not in- 
frequently, because of its large size, the differen- 
tiation of such a lesion from perforated abscess 
with associated encapsulated pyopneumothorax is 
extremely difficult or impossible. While large ab- 
scesses conceivably may subside spontaneously at 
times, the patients usually have been so toxic, and 
the uncertainty of the coexistence of a complicat- 
ing putrid pyopneumothorax so great, that we have 
been unwilling under such circumstances to defer 
operation. 

Although pulmonary cavitation, as stated pre- 
viously, occurs early in cases of putrid abscess, 
the ‘‘typical” roentgenographic evidence of cavita- 
tion, namely a circular area of rarefaction with 
fluid level, varies considerably in the time of its 
appearance. Thus, in some cases, the cavity be- 
comes visible in the roentgenogram almost as soon 
as cavitation occurs, while in others it may not be 
visible for days or even weeks. In still other cases, 
a cavity may not be seen during the acute stage, 
and finally in others a cavity may never be noted, 
even in the subacute or chronic stage. Likewise, 
the amount of fluid to be noted within the cavity 
varies considerably. 

3. Fluid levels and cavities. As indicated in the 
section on pathology, the presence or absence oi a 
cavity containing fluid and air in the roentgeno- 
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Fig. 1. W. R. Routine film of the chest which was taken 
before laryngectomy was performed. The roentgenogram 
discloses no abnormalities. 


gram is an accident which depends upon the de- 
gree of spontaneous drainage of fluid secretion 
through the communicating bronchi, and its re- 


Fig. 3. W. R. Same case as in Figures 1 and 2. Seven 
days later. Increase in density and extent of pulmonary 
infiltration (sixth to eighth ribs), and beginning cavitation 
beneath sixth rib. 
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Fig. 2. W.R. Eleven days after onset of postoperative 
pulmonary abscess (very early phase). Small area of infil- 
tration in axillary segment of left pulmonary field. 


placement by air. If drainage is free, the cavity on 
x-ray examination contains little or no fluid. On 
the other hand, if the communicating bronchi are 


Fig. 4. W.R. Six days after Figure 3. Large area of 
dense pulmonary infiltration (fifth to eighth ribs), contain- 
ing a cavity with small fluid level. Film indicative of inade- 
quate spontaneous drainage. Unsatisfactory clinical course. 
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Fig. 5. J. R. Early phase in the development of a large 
abscess of lung. Infiltration extends from the ninth rib 
downward. Enlarged hilar glands are present. This is a 
“typical’’ case. 


completely obstructed by inflammatory edema or 
by detritus, none of the contents of the cavity can 
escape and no air can enter. Under such circum- 
stances the shadow cast by the filled cavity merges 
with, and is indistinguishable from, that of the 


Fig. 7. J. R. Same case as in Figures 5 and 6. Lateral 
view (same time as Figure 6). Sharp limitation of lesion 
and minimal surrounding pulmonary infiltration. 


Fig. 6. J. R. Eight days later. Pulmonary infiltration 
replaced by a large cavity containing fluid and air. Limited 
pulmonary infiltration about cavity. Irregular contour of 
cavity indicating early peripheral extensions. 


surrounding pulmonary infiltration. Thus in some 
cases the “typical’’ roentgenographic evidence of 
cavitation may not be visible despite the actual 
existence of a large cavity within the lung (Fig. 8). 
In other words, at times the presence of “pneu- 
monic infiltration” may indicate not an absence 
of cavitation but an abscess cavity completely 


Fig. 8. M. F. Dense pulmonary infiltration in right 
paravertebral area without evidence of cavitation. At 
operation a large abscess was encountered. 
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TOUROFF, NEUHOF: ACUTE PUTRID ABSCESS OF THE LUNG 


Fig. 9. M.K. Well defined abscess of average size. Small 
fluid level indicating free drainage. Moderate surrounding 
pulmonary infiltration. 


filled with pus and detritus. Between the ex- 
tremes of free drainage on the one hand and total 
absence of drainage on the other, all gradations 
and variations in the degree of spontaneous drain- 
age exist. 

After spontaneous drainage and aeration have 
begun, the roentgen evidence of the existence of a 


cavity may vary froma tiny fluid level surmounted 
by a small bubble of air (Fig. 13) to an air filled 
cavity containing either no fluid or a small amount 
of fluid (Fig. 9). It should be emphasized that the 
patency of the communicating bronchi may vary 
considerably from time to time and that a lesion 
which is draining well at one time may drain 
poorly or not at all at a later date. The result of 
such a sequence is a roentgenogram disclosing a 
cavity containing a well defined fluid level, fol- 
lowed by one in which the cavity apparently has 
diminished considerably in size or has disap- 
peared in the midst of the surrounding pulmonary 
infiltration (Figs. g and 10, 15 and 16). If spon- 
taneous drainage and aeration become re-estab- 
lished at a later stage, the cavity reappears, its 
size then depending upon the degree of drainage 
and aeration. 

Other roentgenographic variations are to be 
noted at times in cases in which spontaneous drain- 
age and aeration are inadequate. A fairly com- 
mon type is one in which a cavity of small or 
moderate size is surrounded by an extensive zone 
o! dense infiltration (Figs. 4, 13). In another type, 
multiple small areas of increased illumination (di- 
minished density), with and without contained fluid 


Fig. 10. M. K. Same case as Figure 9. One day later. 
Cavity filled with pus because of inadequate drainage. In- 
crease in density of entire lesion. 


levels, are to be noted within an area of extensive 
infiltration (Figs. 11 and17). And finally, as stated 
previously, a common type is one in which only 
dense infiltration alone is visible (Figs. 8, 10, 
and 16). 

4. Spread of infection. If drainage remains poor 
or ceases entirely, the lesion either remains un- 
changed in extent for a variable period of time or 
else commences to enlarge. In the latter instance, 
there is first an increase in the extent of the infil- 
tration. This may occur in concentric fashion or 
may take place at one or more points at the pe- 
riphery of the original lesion. As fresh invasion 
of pulmonary parenchyma occurs, the newly in- 
volved area undergoes pathological changes which 
are identical with those of the primary lesion (Figs. 
16 and 17). Not infrequently, some drainage and 
aeration of the entire involved area may occur as 
the result of the erosion of a previously uninvolved 
bronchus (or bronchi), and as a result an irregular 
multilocular cavity consisting of the original ab- 
scess together with the recent extensions may be- 
come visible in the roentgenogram. The ultimate 
fate of such a lesion depends apparently, as in the 
first instance, on the degree of evacuation and 
aeration via the communicating bronchi. 

In addition to spread of pulmonary infection by 
direct extension from the original site into the sur- 
rounding uninvolved pulmonary tissue (Figs. 16 
and 17), new infection may occur by the mechan- 
ism which we have termed “‘spillover.”’ The latter 
type of spread results from the aspiration of ana- 
erobically infected pus, derived from the bronchi 
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Fig. 11. A. J. Large abscess of right lung 1 week after 
onset. Multiple areas of rarefaction (with and without 
fluid levels) within the zone of pulmonary infiltration. Film 
indicative of incomplete liquefaction. Septic clinical state. 


draining the abscess cavity, into previously unin- 
volved bronchi. As the result of such inoculation 
of new bronchopulmonary segments, gangrenous 
bronchopneumonia similar to that which occurred 
at the onset of the original abscess, is to be noted. 
These “‘spillover’’ lesions may occur within the 
same lobe, adjacent lobes, or the opposite lung. 
If “spillover” infection occurs within the same 
lobe, it may be indistinguishable roentgenograph- 
ically from spread by direct extension because of 
the proximity of the old and the new lesions. 
“Spillover” infection to other lobes, or to the 
opposite lung, is readily recognized by virtue of 
its distance from the original lesion (Fig. 18). 
From the clinical and roentgenographic stand- 
point, the fate of the fresh spillover lesion varies in 
accordance with certain circumstances which were 
detailed in preceding paragraphs. Unfortunately, 
spillover infection frequently involves such a large 
area that the patient often succumbs from the 
toxic effects of fresh, gangrenous bronchopneu- 
monia before the occurrence of extensive cavita- 
tion. 

5. The associated pleural reaction. A roentgeno- 
graphic feature of interest, in cases of acute putrid 
pulmonary abscess is the associated pleural reac- 
tion. We are now discussing specifically only cases 
of acute abscess which have not perforated into 
the pleura. It was indicated previously that adhe- 
sive pleuritis occurs invariably directly over the 
site of an acute abscess. The adhesions are situ- 


Fig. 12. A. J. Lateral view (same time as Figure 11). De- 
tails of lesion are not seen. Accentuation of oblique and 
transverse interlobar fissures. Abscess lies in apex of lower 
lobe close to the junction of these fissures. 


ated most commonly between the lung and the 
thoracic parietes, but occasionally between the 
lung and the diaphragm or mediastinum. At 
times the situation of the lesion may result in the 
formation of adhesions only between two adjacent 
lobes. The pleuritic response is dependent upon 
the irritative effect of the abscess the most super- 
ficial portion of which lies close to the overlying 
visceral pleura. Other factors being constant, the 
extent of the pleuritis is proportionate to the size 
of the lesion. By the same token, adhesions will be 
most dense in the area in which the lesion most 
nearly approaches the surface of the lung. Thus, 
in cases in which a well defined cavity surrounded 
by comparatively little pulmonary infiltration is 
visible on x-ray examination, the pleural reaction 
as disclosed at operation usually does not extend 
far beyond the limits of visible cavitation. On the 
other hand, when a comparatively small cavity 
exists in the midst of a wide zone of pulmonary 
infiltration, the pleural reaction extends not only 
over the site of visible cavitation but also approxi- 
mately to the limits of the pulmonary infiltra- 
tion (Fig. 17). 

At times, the pleural reaction appears to be 
unusually dense and to extend well beyond the 
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Fig. 13. M. W. Area of dense pulmonary infiltration in 
axillary segment of left lung. Solitary cavity, apparently 
small. Film indicative of inadequate drainage. 


area of pulmonary involvement. This is most apt 
to occur when the abscess offers roentgenographic 
evidence of inadequate spontaneous drainage, as 
shown by the existence of dense pulmonary infil- 
tration alone or by infiltration containing single or 
multiple small areas of increased illumination with 
or without small fluid levels. Dense and extensive 
pleural reaction is to be regarded seriously, as not 
infrequently it is an indication of impending or 
actual perforation of the lesion into the pleura. 
When spontaneous drainage and aeration are in- 
adequate, peripheral spread of infection is particu- 
larly apt to occur, and the thin shell of lung 
overlying the abscess becomes invaded by the 
advancing infective process. Under such circum- 
stances, rapid spread of the adhesive pleuritic re- 
action may: be assumed. While it is not our pur- 
pose in this paper to describe the general roent- 
genographic features of perforated abscess, atten- 
tion should be called to the fact that under certain 
circumstances localized perforation of a pulmonary 
abscess into the pleura may exist without pro- 
ducing significant changes in the roentgenogram. 
Thus, in cases in which there is roentgenographic 
and clinical evidence of inadequate spontaneous 
drainage and aeration via the bronchial tree, and 
the overlying pleural reaction is dense and exten- 
sive, perforation into the existing pleuro-pul- 
monary adhesions may have occurred. Since the 
bronchi which open into the abscess cavity in such 
cases are not widely patent (as evidenced by ab- 
sence of a fluid level within the area of infiltra- 
tion), a small empyema rather than a pyopneu- 
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Fig. 14. M.W. Lateral view (taken at same time as 
Figure 13). Multiple cavities containing fluid levels, not 
visible in postero-anterior view (Fig. 13). Accentuation of 
upper part of interlobar fissure and widening of lower part. 
Pulmonary lesion in upper lobe facing fissure. 


mothorax (which is the usual roentgen sign of per- 
foration of abscess of the lung into the pleura) is 
produced. Because of the extent and density of 
the pre-existing pleural reaction, such small em- 
pyemas may not be recognizable in the x-ray film. 
Thus, as reported in a previous communication (3), 
actual local perforation into the pleura which was 
not known to exist before operation, was found at 
operation in several instances. On the other hand, 
at times pleuritic response may be so well marked 
that local perforation into the pleura may be sus- 
pected yet be absent at operation. 

6. Interlobar fissures. Another interesting and 
significant roentgen finding, in certain cases of 
acute abscess of the lung, is the accentuation of 
interlobar fissures. As stated previously, putrid 
pulmonary abscess, because of its situation super- 
ficially within a lobe, is accompanied regularly by 
reaction in the overlying pleura. When a pulmon- 
ary abscess lies in close proximity to one of the 
fissures, the overlying pleural reaction may occur 
exclusively within the fissure and agglutinate the 
surface of the involved lobe to the surface of an 
adjacent normal lobe. In such unusual cases, at 
operation, adhesions between the lung and tho- 
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Fig. 15. S. M. Dense infiltration containing a cavity 
with fluid level in left upper lobe. Irregularity of cavity 
indicating further invasion. 


racic parietes usually are absent or minimal. The 
occurrence of pleural reaction within one of the 


Fig. 17. S. M. Same case as in Figures 15 and 16. One 
week after Figure 16 was taken. Further spread of disease 
’ indicated by increase in density, extent of pulmonary infil- 
tration, and pleural reaction. Original cavity not visible. 
Several new areas of rarefaction in lowermost part of infil- 
trated area. 


Fig. 16. S. M. Same case as in Figure 15. Several days 
later. Disappearance of cavity as a result of inadequate 
drainage. 


fissures is indicated roentgenographically by the 
presence of a line of opacity occupying the position 
of the fissure in question. Such opaque lines are 
not seen in normal pulmonary fields. 

The degree and extent of fissural accentuation, 
as noted in the x-ray film, is directly proportional 
to the degree and extent of fissural pleuritis. A 
pulmonary abscess of the upper or lower lobe fac- 
ing a point along the lower part of the long 
(oblique) interlobar fissure, usually is associated 
with accentuation of the lower part of the fissure 
only. A lesion facing the upper part of the fissure 
is accompanied by accentuation of this portion of 
the fissure and frequently by accentuation of the 


- lower portion as well, as the result of downward 


seepage of exudate (Fig. 14). On the right side, a 
lesion of the upper or middle lobe facing a point 
along the short (transverse) fissure usually is asso- 
ciated with accentuation of this fissure. Finally, 
both the oblique and transverse fissures may be 
accentuated by a lesion lying at a point close to 
the junction of the fissures, within either the up- 
per, middle, or lower lobe (Fig. 12). In all cases of 
irritative accentuation, the fissure appears as a 
thin, well defined line of increased density. In 
some instances, it is represented by a more dense 
and somewhat wider line indicative of more severe 
pleuritic reaction. This occurs commonly in cases 
in which an abscess of one lobe has perforated 
across the sealed-off fissure into an adjacent lobe 
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or in cases in which such perforation is imminent. 
in still other cases, the interlobar fissure may be 
represented bya fairly wide zone of density indic- 

ative of interlobar effusion or exudate (Fig. 14). 

‘his may be the result of impending or actual per- 
‘oration of a pulmonary abscess into the fissure, in 

-ases in which the lobes have not become firmly 
agglutinated. Although accentuation of the fis- 
ures may be visible in both the postero-anterior 
and lateral films because of limited superimposi- 
ion of pulmonary tissue, it is best seen in the 
‘ateral film. Thus fissural accentuation not visible 
in the postero-anterior film may be seen readily in 
a lateral film taken at the same time. 


ROENTGENOGRAPHY AS AN INDEX OF THE 
COURSE OF THE DISEASE 


After the diagnosis of acute pulmonary abscess 
has been established, the clinical manifestations 
and the roentgen findings continue to be an index 
of the progress of the lesion. There are times, 
however, when the evidence gained from these two 
sources appears to be in conflict. The question 
then arises, which is to be considered the more im- 
portant and upon which the greater reliance is to 
be placed in the evaluation of the status of the 
patient. For example, in the majority of “typical” 
cases of acute putrid abscess, the symptoms be- 
come ameliorated as spontaneous drainage and 
aeration are established. Thus at the end of 2 
to 3 weeks, the temperature is apt to be lower and 
the sputum not infrequently diminishes in amount. 
At that time the sputum may become less foul, 
may be foul only at intervals, or may become en- 
tirely odorless. If the x-ray film reveals diminu- 
tion in the size of the cavity and in the extent of 
infiltration, the assumption that improvement is 
taking place is warranted. On the other hand, if 
the roentgenogram reveals increase in the size of 
the cavity and persisting or increasing pulmonary 
infiltration, the mildness of the clinical manifesta- 
tions must be disregarded. This dictum cannot be 
emphasized too strongly, since some of our patients 
with chronic abscess of the lung previously had 
been discharged by their physicians as cured in 
the acute phase of the disease, although roent- 
genograms taken at that time revealed persisting 
pulmonary infiltration. Thus, “cure’’ cannot be 
considered to have taken place, regardless of the 
subsidence of clinical manifestations, unless roent- 
gen evidence of pulmonary infiltration has dis- 
appeared completely. 

At times, clinical manifestations may become 
more severe concomitant with apparent roent- 
genographic improvement. Under such circum- 
stances, the observer may be unable to decide 


Fig. 18. P. M. 


Acute “spillover” abscess of right upper 
lobe following recent operation upon subacute abscess of 
left lower lobe. Infiltration in right upper lobe containing 
a cavity with fluid level just above sixth rib. Residual infil- 
tration at site of operation in left lower lobe. 


which of these criteria to utilize in evaluating the 
patient’s status. We wish to state that such a dis- 
crepancy can be due only to an error of roentgen 
interpretation. The mistake which usually is 
made is the assumption of improvement on the 
basis of disappearance of a cavity in the roentgen 
film despite the persistence of pulmonary infiltra- 
tion. As stated previously, this sequence is com- 
mon when spontaneous drainage and aeration be- 
come inadequate, for under such circumstances 
the cavity within the lung, which seemingly dis- 
appears, merely becomes invisible because it is 
filled with secretion (Figs. 9, 10, 15, and 16). Proof 
that the lesion has become “shut-off” from the 
bronchial tree often is offered by alteration of the 
clinical manifestations. Thus, the sputum may 
decrease sharply in amount and lose its foul odor 
entirely or in part. The temperature, however, is 
apt to be higher, the pulse rate to increase, and 
the patient to look and feel more ill. If peripheral 
spread of the lesion follows, there is apt to be a 
recrudescence of thoracic pain and of hemoptysis. 
Thus, when the clinical course is unsatisfactory, 
the very existence of an apparent discrepancy be- 
tween clinical symptomatology and roentgenog- 
raphy should lead to the suspicion of an error in 
interpretation of the roentgen film. 

A consideration of the relative value of these 
two criteria of progress of the lesion leads there- 
fore to the conclusion that roentgenography, when 
the findings are interpreted correctly, is as reliable 
as, and at times more reliable than, the symp- 
tomatology. From the standpoint of reliability in 


, 
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instances in which the question of cure is con- 
sidered, we can only state again that experience 
has demonstrated on numerous occasions that, re- 
gardless of the complete absence of clinical mani- 
festations, no patient can be considered cured until 
all pulmonary infiltration has disappeared. 


SUMMARY AND CONCLUSIONS 


This contribution is based upon observations 
made in a series of more than 150 cases of acute 
putrid pulmonary abscess. In 65 cases, operation 
was performed in the acute stage of the disease. 
Thus, there was ample opportunity to correlate 
operative findings with pre-operative roentgeno- 
grams. 

The diagnosis of acute putrid pulmonary ab- 
scess rests both upon clinical features and roent- 
genographic findings. The disease cannot be diag- 
nosed solely by roentgenography. The latter is, 
however, a diagnostic method which is absolutely 
essential for corroboration of the clinical diag- 
nosis. Roentgenography is the most important 
method for accurate localization of the lesion. It 
also serves as an index of the course and prognosis 
of the disease. 

The pathological features and the factors re- 
sponsible for the varied roentgenographic appear- 
ances in acute putrid pulmonary abscess are pre- 
sented. 

Methods of roentgenographic examination, with 


special reference to demonstration of the pulmo- 
nary lesion, are described. 

In the evolution of the typical case of acute 
putrid pulmonary abscess, early roentgenograms 
reveal only the presence of a limited area of pul- 
monary infiltration. The latter increases in extent 


and density in the second stage. Rarefaction 
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within the involved area occurs in the third stag. 
The fourth stage is one of progressive excavation 
of this area. The cavity contains air and fluid and 
is surrounded by limited pulmonary infiltration. 
Among the roentgenographic variants which are 
discussed are: Unusually large size of the absce<s, 
rapid increase in size of the lesion, variations in 
the time of onset of cavitation, absence of evi- 
dence of cavitation, early multilocularity, wide- 
spread pulmonary infiltration with and without 
cavitation, sudden disappearance of cavities, e\- 
tensive pleural reaction, evidence of spread of in- 
fection by direct extension or by ‘“‘spillover.”’ 
The pleural reaction accompanying acute pul- 
monary abscess and its variations are described, 
with special reference to roentgenographic aspecis. 
The significance of accentuation and other abnor- 
malities of the interlobar fissures are discussed. 
The greater reliability of roentgenography as 
compared with clinical manifestations, as an index 
of the course of acute pulmonary abscess, is 
stressed. Emphasis is placed upon the necessity 
of correct roentgen interpretation when apparent 
roentgenographic improvement is noted in the 
presence of an unsatisfactory clinical course. 
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OPERATIVE MANAGEMENT OF FIBROMYOMAS 
IN THE UTERUS AT TERM 


CARL P. HUBER, M.A., M.D., F.A.C.S., Indianapolis, Indiana 
H. CLOSE HESSELTINE, M.S., M.D., Chicago, Illinois 


REGNANCY is infrequently accompanied 

by fibromyomas of the uterus, and these 

tumors require operative interference even 

less often during pregnancy, labor, and 
the puerperium. Active controversy concerning 
the choice of myomectomy or hysterectomy for 
those requiring treatment after viability of the 
fetus and in the puerperium is well illustrated by 
the conflicting statements in the literature. There- 
fore, this present study was undertaken to evalu- 
ate better the relative merits of each. 


LITERATURE 


In several large series of pregnant patients the 
frequency of fibroid tumors varies from o.3 per 
cent (2) to 1.4 per cent (10) with the average 
incidence being near 0.5 per cent (1-4, 7, 10). In 
the majority of such cases the fibroid does not 
interfere with the usual course of pregnancy, 
delivery, or the puerperium. Many times the 
nodules are findings which are accidentally dis- 
covered when the uterus is palpated during labor 
or the puerperium. The size, position, type, and 
number of tumors are the significant factors. 

Submucous, large subserous, and intramural 
fibromyomas are often responsible for sterility 
and for an increased incidence of complications in 
pregnancy. Abortion and premature labor may 
result. However, an equally serious problem is 
offered by the fibroid tumor which is of sufficient 
size or so located that it may produce obstruction 
to the passage of the fetus through the birth canal. 
Less than on olf of the fibroids complicating 
pregnancy are 0. = type but they, nevertheless, 
offer a distinct prubiem in the management of 
parturition. Degenerative changes or infection in 
the tumor are also of serious import. 

The usually accepted plan for treatment of 
fibroids during pregnancy consists of careful ob- 
servation without interference unless symptoms 
of sufficient magnitude arise. In such instances, 
myomectomy may be done before fetal viability, 
for one or a few readily accessible nodules if the 
product of conception remains undisturbed. Abor- 
tion occurs frequently subsequent to this type of 
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operative interference. Hysterectomy is a prefer- 
able procedure for multiple and inaccessible tu- 
mors, for unsatisfactory hemostasis following myo- 
mectomy, or for a seriously damaged uterus. 

At the end of gestation obstetricians generally 
agree that the following possibilities must be con- 
sidered in deciding the method of delivery: 

(1) Evenif the birth canal is unobstructed and 
vaginal delivery seems probable, the fibroid may 
be associated with inadequate or faulty uterine 
contractions enough to prolong labor dangerously. 

(2) Thé tumor may offer unrecognized obstruc- 
tion to the passage of the fetus. For these reasons, 
the early part of labor should be considered in 
the light of a trial labor and not as a commit- 
ment to vaginal delivery. 

(3) The presence of the fibroid tumor increases 
the frequency of vaginal operative interference. 

(4) Complications of the third stage of labor 
are more frequent as has been shown by Camp- 
bell’s report of postpartum hemorrhage (600 cu- 
bic centimeters) in 31.7 per cent and adherent 
placenta in 9.7 per cent of his series. 

(5) Although vaginal delivery may be accom- 
plished without difficulty, degenerative changes 
in the fibroid may still necessitate operative inter- 
ference during the puerperium. Necrosis was 
present in 75.8 per cent of fibroid tumors in 82 
pregnant patients (Campbell). This is almost ten 
times greater than the incidence of 7.8 per cent, 
in the non-pregnant state. 

When cesarean section is the method used for 
delivery it may be done alone, combined with 
myomectomy, or followed by hysterectomy. 
When it is the only procedure the risk of post- 
partum hemorrhage and necrobiosis persists, and 
the fibroid still remains as a source of morbidity. 
Myomectomy in conjunction with cesarean sec- 
tion may remove the more prominent tumors, but 
others may develop subsequently. A more im- 
mediate danger is hemorrhage through inadequate 
or unsatisfactory hemostasis and infection in the 
operative site. Removal of the uterus should de- 
crease the danger of infection and at the same 
time prevent further trouble from enlarging fibro- 
myomas. Of course, extirpation of the uterus 
excludes future childbearing. 


699 


n 
d 
e 
n 
> 
ain 
it 
\- 
a 
1. 
iS 
x 
is 
y 
at 
le 
e- 
t- 
it. 
of 
n- 
1c 
= 


SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE I.—CESAREAN SECTION 


Total reported hysterectomy | myomectomy 


Fibroids Cesarean with | Cesarean with | Cesarean only | Hysterectomy | Myomectomy 


in puerperium | in puerperium 


Author cases 


tions 


Opsra-|Deaths| No. |Deaths| No. | Deaths} No. |Deaths} No. |Deaths} No. | Death: 


Kustner (Leipzig) 1933 25,000 6 ° I 3 ° I ° I ° ° ° 
Eisaman (Pittsburgh) 1934 23,000 13 ° 3 10 ° ° ° ° ° ° ° 
Mussey & Hardwick (Mayo 

Clinic) 1935 5,000 15 ° 9 ° ° 6 ° ° ° ° ° 


Watson (Sloane, N. Y.) 1932 


Pierson (Sloane, N. Y.) 1927 


Lantuéjoul (France) 1935 ? 9 ° ° 


Kosmak (New York) 1923 33,266 


Vaudescal (France) 1928 


je 
° 
° 
w 
» 
° 


Campbell (Johns Hopkins) 1933 


Spencer (England) 1920 


Huber & Hesseltine (Chicago 


Lying-in Hospital) 20,895 II I 8 


2 I ° ° I ° 


8 59 


Totals 182,543 


39 5 18 ° 13 ° 10 I 


*Number of myomectomies and hysterectomies not stated. 


**Death may have followed hysterectomy, myomectomy, or cesarean section alone—unstated. 


ANALYSIS OF DATA 

Controversy is evidenced by conflicting recom- 
mendations in the choice between myomectomy 
and hysterectomy at the time of cesarean section. 
In order to obtain a better evaluation of these two 
types of therapy, pooled data were used to elimi- 
nate errors in individual smaller series. To obtain 
a balanced report, it was deemed advisable to use 
only those in which a series of cases was pub- 
lished as the numerous isolated case reports al- 
most invariably represent a favorable termination 
which might thus give a false value. The 10 
reports meeting these requirements, published 
since 1920, are presented in Table I. Due to the 
improvement in pre-operative and postoperative 
care and management in recent years, it was 


believed that earlier studies might well be ex-: 


cluded. These quoted reports offer a significant 
number of cases and also contain adequate in- 
formation concerning the associated mortality. 
In addition, operative procedures in the immedi- 
ate puerperium are included. Including the report 
from the Chicago Lying-in Hospital, department 
of obstetrics and gynecology, The University of 
Chicago, 8 of the 11 sources have cared for 182,543 
obstetric cases. The total deliveries covered by 
the 3 other reports is not given but certainly 
represents a proportionately greater number. In 
this pooled group the fibroid was of sufficient 
significance to warrant abdominal delivery in 131 
cases. In 23 additional instances operative treat- 
ment of the fibroid tumor subsequent to vaginal 


delivery was necessary during the course of the 
puerperium. 

Cesarean section alone was done in only 18 
cases, all of which are reported by 3 of the authors 
(3, 4, 6) listed in Table I. No deaths are recorded. 
The one death (3) not definitely assigned to the 
separate procedures may have been in this group 
as noted in Table I. It is interesting to note that 
in Over 115,000 cases analyzed by the 8 remaining 
authors (1, 2, 5, 7-10) cesarean section alone 
was not done. 

Cesarean section was followed by hysterectomy 
in 59 cases. In this group there was one death 
recorded, and in the one instance indicated in 
Table I it could not be determined whether the 
recorded mortality was in the hysterectomy group 
or subsequent to myomectomy. Even if we as- 
sume that both of these deaths occurred in the 
hysterectomy series, the maximum mortality per- 
centage would be 3.4 per cent. 

Myomectomy was performed in conjunction 
with cesarean section in 39 cases. Five deaths are 
definitely recorded in this group and if the un- 
designated case occurred in this group, the total is 
raised to 6. The mortality rate is then at least 12.8 
per cent and may have been as much as 15.4 per 
cent. 

The difference in the mortality in these two 
groups is so great that the probable error in 
relatively small series does not account for the 
variation. In addition, it is a fair assumption 
that myomectomy was done on those patients 
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TABLE II.—CHICAGO LYING-IN HOSPITAL—MAY 25, 1931, TO JANUARY 1, 1938—DELIVERIES—20,895 


A. Cesarean with hysterectomy 


Unit No. Parity Gestation Morbidity 


Fetal 


Mortality mortality Remarks 


142631 ° 40 wks. 


° ° Hyalinized fibroid 


164242 3 30 wks. 


° Neonatal | Necrosis with pain 


59863 I 40 wks. 


° 


120832 ° 40 wks. 


° 
° 


° 


113300 ° 40 wks. 


° ° 1,700 cubic centimeter blood loss 


95435 ° 38 wks. 


Tliac th bosis with pul ry embolism 


73426 ° 30 wks. 


16 hours premature labor 


58662 ° 39 wks. 


Pulmonary infarction—1100 cubic centi- 
meter blood loss 


B. Cesarean with myomectomy 


172284 33 ° 39 wks. 


Peritonitis 


63178 32 ° 40 wks. 


Septic course 


C. Hysterectomy during puerperium 
175806 34 | ° 37 wks. 


Operation 36 hours tpartum—degenera- 
tion of intramural fibroi 


whose tumors appeared least difficult of removal. 
It seems only just then to conclude that at the 
time of cesarean section hysterectomy is a safer 
procedure than myomectomy. 

Further evidence for this statement is found in 
the fact that 13 hysterectomies were done in the 
puerperium without mortality whereas one fatal- 
ity occurred in 10 myomectomies. 

In the 20,895 patients who have been de- 
livered at the Chicago Lying-in Hospital (Table 
II) from May 25, 1931 to January 1, 1938, 10 
patients have had fibroid tumors of a nature to 
interfere with delivery, or an incidence of .o5 per 
cent. In this group Porro cesarean section was 
done 8 times and cesarean followed by myomec- 
tomy in 2 instances. The 1 death occurred in the 
myomectomy group. 

A consideration of morbidity in the two groups 
shows that in 4 of the 8 Porro cesarean sections 
the temperature was above 100.4 degrees on 2 or 
more days postpartum. This was true of both 
cases in which myomectomy followed cesarean 
section. In the hysterectomy group 2 of the 
morbid patients had evidence of pulmonary em- 
bolism and both recovered. In one of the others 
there was marked necrosis of the tumor and in 
the fourth the operation was performed after 16 
hours of labor. 

Both of the patients upon whom myomectomy 
was performed had definitely septic courses with 
chills and fever. The patient who recovered had 
a uterine infection. 


The patient who died was a 33 year old primipara upon 
whom an elective cesarean section was done at 39 weeks 


because of the presence of a large fibroid (10 by 12 by 8 
centimeters) situated deep in the pelvis arising from the 
left and posterior uterine wall. Laparotrachelotomy was 
performed under local infiltration anesthesia (novocain 
¥% per cent) until the birth of the baby after which general 
anesthesia (cyclopropane) was used. The fibroid tumor 
was removed easily without entering the uterine cavity. 
The incision was readily closed. After operation the patient 
developed evidence of infection, ran a septic course, and 
died on the tenth day after operation. Necropsy disclosed 
a generalized peritonitis with evidence of intra-uterine 
infection extending through the myomectomy incision. 

In addition, hysterectomy subsequent to vaginal deliv- 
ery was performed once during the puerperium. 

The hysterectomy in the puerperium was performed 36 
hours after delivery because of extreme pain over the 
uterus, an elevation of temperature to 100 degrees, and a 
white blood count of 30,000. The delivery had been with- 
out incident following a normal labor and was accomplished 
by low forceps with episiotomy. Necrosis was present in a 
large intramural fibroid. 


A condensed summary of all the operative pro- 
cedures is presented in Table III. When one 
considers the inadequacy of cesarean section alone 
as a therapeutic measure in this situation, one 
feels that it is indicated only in the rare instance in 
which there is a definite contra-indication to more 


TABLE III 


Operation Number Mortality Per cent 


Cesarean only 18 O- 5.5 


All hysterectomies a 1.4- 3.4 


All myomectomies 49** 12.2-14.3 


*One undesignated death may have occurred in any of the 3 groups. 
**An additional 15 cases as noted in Table I had either hysterectomy or 
myomectomy—unstated. 
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extensive operative treatment. The results in the 
hysterectomy group are definitely superior to 
those in the myomectomy series. This study, 
therefore, indicates that when abdominal opera- 
tion is indicated, hysterectomy is the better pro- 
cedure for treatment of the fibromyomas. On the 
other hand, the mere presence of fibromyomas 
does not necessitate either hysterectomy or 
myomectomy. 
CONCLUSIONS 

In the treatment of the pregnant patient with 
uterine fibromyomas the following management 
is advised: 

1. There should be careful observation during 
the course of pregnancy without interference un- 
less symptoms of sufficient magnitude arise. 

2. Natural delivery should be allowed to go on 
unless the size, number, or location of tumors 
produces obstruction to the passage of the fetus. 

3. Trial of labor should be permitted in doubt- 
ful cases. 

4. When operative interference prior to de- 
livery is indicated by necrosis in the tumor, by 
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obstruction to the birth canal, or by failure of 
normal uterine mechanism, it should consist of 
cesarean section with hysterectomy. 

5. If operative interference becomes necessary 
during the puerperium, hysterectomy is also the 
procedure of choice. 

6. Myomectomy with cesarean section carries 
an appreciably greater mortality and, therefore, 
its employment is generally contra-indicated. 

7. Fibromyomas, per se, do not necessarily in- 
dicate either hysterectomy or myomectomy. 
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JEJUNOPLASTY 


For Obstruction Following Gastro-Enterostomy or Subtotal Gastric Resection 


CARL L. HOAG, M.D., F.A.C.S., and JOHN B. peC. M. SAUNDERS, F.R.C.S. (Ed.), 
San Francisco, California 


BSTRUCTION following gastro-enter- 
ostomy or subtotal resection of the 
stomach with gastrojejunal anastomo- 
sis occurs in a relatively small percent- 

age of cases, but when it does it is a serious and 
frequently fatal complication. Almost every ex- 
perienced surgeon with an accurate and retentive 
memory can recall such patients of his own, and 
others whom he has seen in consultation. It is 
noteworthy that nearly every senior house sur- 
geon, notwithstanding that he has had special 
training and expert supervision, is likely to have 
one or more patients with this fatal complication. 
In one of our leading hospitals there have been only 
I or 2 exceptions to this record covering a period 
of 20 years. Graham reported 3 fatal cases follow- 
ing gastro-enterostomy and one other after a gas- 
troduodenostomy. Moreover, such highly skilled 
surgeons as Marshall and Kiefer, of the Lahey 
Clinic, have largely abandoned the postcolic anas- 
tomosis in favor of the antecolic route following 
gastrectomy, apparently because of the frequency 
of obstruction. No percentages are recorded. The 
data available in our vital statistics on this sub- 
ject are of little value, as the cause of death is 
often attributed to the original condition, com- 
monly ulcer or cancer, or to the secondary com- 
plicating factors, such as paralytic ileus, peritoni- 
tis, pneumonia, myocardial failure, etc., when 
death was, in fact, the result of obstruction. The 
contention so frequently advanced, that obstruc- 
tion would not occur if the operation had been 
done properly, is beside the question. None will 
deny that experience makes all complications less 
common. Not infrequently, however, the “ master 
surgeon” has attained his enviable state of skill 
and balanced judgment through such bitter ex- 
perience and disappointment. 


CAUSES OF OBSTRUCTION 


Obstruction after posterior gastro-enterostomy 
may be due to one or more of the following causes: 
An improperly placed stoma. A gastro-enteros- 


From the Departments of Surgery and Anatomy, University 
of California Medical School. 

Read before the sixty-seventh annual session of the California 
Medical Association, Pasadena, May 10, 1938. 


tomy may function perfectly if made in any part 
of the stomach. Considering the many ways in 
which this operation is done it is truly remarkable, 
not that an occasional one fails to function, but 
that most of them function so well. We agree 
with Eusterman and Balfour that the position of 
choice for the stoma in a posterior gastro-enteros- 
tomy is in the most dependent portion of the 
stomach and nearly at right angles to the longi- 
tudinal diameter. When the operation is com- 
pleted the distal jejunum should be in contact 
with the greater curvature and point toward the 
left hip. While the anastomosis is being made and 
the stomach is turned upward, this loop points 
toward the left shoulder (Fig. 1A). Because the 
operation is usually done through a midline inci- 
sion and because the greater portion of the stom- 
ach lies well toward the left side, it is not uncom- 
mon for the surgeon to find that his anastomosis 
is located much nearer to the pylorus than he had 
anticipated. 

A stoma which is too small or which, because of its 
small size and narrow attachment to the stomach, 
produces an acute angulation of the jejunum. The 
stoma may have been made too small originally 
or may have become so either because the stom- 
ach was dilated at the time of operation and later 
contracted, or because an unusual amount of tis- 
sue was inverted at the suture line during the 
anastomosis. With a wide stoma more gut is ac- 
tually in contact with the wall of the stomach and 
the openings in the proximal and distal loops are 
further apart and more like a letter ‘“‘U” than a 
letter “ V” which makes it less likely that one loop 
will become distended and compress or obstruct 
the other. 

The idea that “dumping” or too sudden empty- 
ing of the stomach may occur with a large stoma 
has been effectually exploded by the uniformly 
excellent function seen after subtotal gastrectomy 
in which the width of the entire end of the stom- 
ach is used. It is the small, not the large, stoma 
that gives trouble. 

One other personal observation made upon ex- 
perimental animals seems important, namely, that 
the stoma may be such a dense fibrous ring that it 
neither expands nor contracts to any extent 
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with peristalsis for weeks or perhaps months after 
it is made.' 

A loop which is too long or too short for the chang- 
ing position of the stomach. In the gastro-enteros- 
tomy of earlier times the proximal loop was made 
so long that, becoming filled and dilated, it would 
empty itself intermittently into the stomach with 
the production of the corresponding periods of 
nausea and vomiting, the so called “vicious cir- 
cle.” Once this error was recognized and short 
loops were recommended they were frequently 
made too short with much the same result (1). 
The stomach has no fixed position. It is usually 
empty, contracted, and high in the epigastrium 
when seen on the operating table. When it is 
filled, however, it may sag of its own weight and 
lie in the pelvis, although the mesocolon usually 
limits the mobility of the stomach after such oper- 
ations. If the proximal loop is too short, the 
stomach may drag upon or twist it and prevent 
its emptying. 

A mesocolon which fails to stretch when the stom- 
ach fills and its walls straighten out. This condition 
allows the anastomosis to be drawn up into or 
through the mesocolon. The importance of the 
transverse mesocolon in the success or failure of a 
gastro-enterostomy is still not appreciated by 
many surgeons. Ordinarily the mesocolon is thin 
and pliable and accommodates itself to the chang- 
ing positions of the stomach. Frequently, how- 
ever, it is naturally short, thick, and boardlike, or 
has become so from fatty deposits or from inflam- 
mation. If the wall of the stomach, with the anas- 
tomosis, is drawn through an opening in such a 
mesocolon, what may be the result? Unless the 
opening is unusually large and the projecting 
stomach is sutured firmly around it, the anasto- 
mosis may be pulled up and become obstructed 
when the stomach fills and its wall attempts to 
straighten out. This can be demonstrated on the 
operating table by filling the stomach with water 
and then blowing it up with air or gas, or demon- 
strated in the laboratory by drawing the side of a 
rubber balloon through a hole in a board or rubber 
mat and then inflating it. This type of mesocolon 
is commented upon by Balfour (1) as being un- 
suitable for the operation of posterior gastro- 
enterostomy. If trouble is to be avoided here, 
the opening in the mesocolon must be made 
unusually large and the stomach drawn well 
through it and firmly fixed in this position. 

Inadequate fixation by suture of the stomach to 
the mesocolon. If thorough fixation is not accom- 
plished, a part of the anastomosis or a distal loop 


1 Experimental observations will be published shortly on the factors 
which play a part in the rigidity of the stomal ring. 


of the intestine may work its way through the 
opening into the lesser peritoneal cavity and be- 
come obstructed. 

Adhesions about the stoma due to leakage or trauma 
to the peritoneum. If the surrounding peritoneum 
has been soiled or traumatized, adhesions may 
form which, as time goes on, become firmer and 
more obstructive in character. Adhesions of this 
type are commonly the cause of the obstructions 
which appear late in the period of convalescence. 

Pressure on the 2 loops of the jejunum by the mid- 
dle colic artery. An obstruction of this type was 
recently reported by McCaughan and Coughlin 
who pointed out that, if the opening in the meso- 
colon is made to the right of the middle colic ar- 
tery, this artery may produce obstructive pres- 
sure upon the jejunum. 

Marginal or jejunal ulcers at or near the stoma. 
The swelling and edema accompanying such ulcers 
and the contraction which follows may produce 
partial or complete obstruction. We have at- 
tempted to check the occurrence of acute ulcers 
in normal dogs on a normal diet. Observations 
were made in a small series from 7 to 28 days after 
gastro-enterostomy. We found ulcers in those 
cases only in which continuous non-absorbable su- 
tures had been used. These continuous sutures 
obviously caused the ulcers. 

Adhesions distal to the anastomosis. If the bowel 
becomes fixed in adhesions associated with the 
abdominal closure, or elsewhere, its contents may 
back up and induce hyperperistalsis which will 
give all the signs and symptoms of an obstruction 
at the stoma. 

It should be noted that all of these causes of 
obstruction except the last one, namely, adhesions 
at a point distal to the anastomosis, are operative 
in the area of the anastomosis itself. 

With an anterior gastro-enterostomy the meso- 
colon is eliminated as an element of trouble, only 
to have the long loop of the jejunum required for 
this anastomosis substituted for it. An entero- 
anastomosis may prevent an obstruction but it 
also eliminates the alkaline duodenal content as a 
factor in the prevention of a marginal ulcer. 

Obstruction following subtotal gastrectomy may 
arise from the same group of causes with the ex- 
ception that, if the entire end of the stomach is 
used as a stoma, the opening is usually so large 
that there is little tendency for acute angulation 
of the jejunum. Many surgeons, however, remove 
the lesser curvature entirely and reserve only a 
small opening adjacent to the greater curvature 
for the anastomosis. Even with this smaller open- 
ing, obstruction is less frequent than it is after 
gastro-enterostomy because the union is made 
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between the end of the stomach and the side of 
the jejunum so that distention of the stomach 
with food or gas tends to open up the stoma and 
attached jejunum as a part of its wall, and at the 
same time thrusts the whole anastomosis down- 
ward in the abdomen instead of compressing it. 
On the other hand, the extensive disturbance of 
normal relations, the opportunity for the soiling 
of and trauma to large areas of peritoneum, the 
possibilities of leakage either at the duodenal 
stump or along the suture line, make obstruction 
from adhesions possible. 

Patients developing obstruction can be divided 
into 4 groups: (1) Those who develop gastric re- 
tention immediately after operation but who are 
eventually relieved by continued gastric lavage, 
showing that the obstruction was due to edema 
and swelling; (2) those who still have obstruction 
after from 7 to 14 days of conservative treatment, 
indicating that the obstruction is mechanical in 
character; (3) those who have been able to take 
food satisfactorily during the early part of their 
postoperative period and subsequently develop 
signs of obstruction. In such patients the obstruc- 
tion is usually mechanical due to adhesions but 
occasionally may be adynamic in character; and 
(4) those who show weeks or years after operation 
either complete or incomplete obstruction caused 
by a marginal ulcer or its complications. 

Patients in groups 2 and 3, having acute me- 
chanical obstruction, obviously will require emer- 
gency surgery if their lives are to be saved. Of 
patients in these 2 groups, requiring secondary 
operation, it is not improbable, considering all 
cases, that 3 out of 4 fail to survive. The reason 
for such a high mortality is the fact that the sur- 
geon does not know the exact cause of the ob- 
struction before operation and frequently cannot 
determine it even when the abdomen is opened. 
He, therefore, has no plan of procedure to fol- 
low. Investigation by x-ray shows that the stom- 
ach fails to empty but no reason is obvious because 
the barium cannot pass further than the stoma. 
Too frequently the abdomen is opened and the 
stoma is exposed, after considerable dissection, 
palpated and found to be open and apparently 
satisfactory. The patient’s condition will not al- 
low an extensive operative procedure, so the sur- 
geon, perplexed and uncertain in his own mind, 
does nothing more or reluctantly performs the 
usual entero-anastomosis below the stoma, or does 
an ileostomy, and hurriedly closes the abdomen. 
The patient may appear to be relieved but fre- 
quently continues a downward course and dies. 
At autopsy little evidence may be found to explain 
the cause of death. This failure to make a diagno- 
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sis is due to the fact that at no time was it pos- 
sible to observe the bowel during peristaltic effort. 
An entero-anastomosis would seem to be a logi- 
cal procedure for relieving such an obstruction, 
but actually it has been disappointing both as an 
emergency measure and as a means of permanent 
relief. Ileostomy has been even less satisfactory, 
associated, as it frequently is, at this level with 
digestion of the abdominal wall and infection. 
As a rule, little is accomplished by either method 
because the obstruction actually exists at the 
point of the anastomosis which must be changed 
to restore normal function. Operations which 
heretofore have accomplished this have been too 
severe and time consuming for a patient already 
depleted by starvation and a recent operation. 


A NEW JEJUNOPLASTY: I. FOR RELIEF OF 
ACUTE OBSTRUCTION 


We propose a plan of procedure in these cases 
of acute obstruction—original in its purpose and 
application, as far as we know, but old in princi- 
ple—which will relieve the obstruction at the 
point where it actually occurs with a minimum 
amount of surgery and at the same time will per- 
mit direct inspection of the gastric stoma. 

As soon as the abdomen is opened and in- 
spected for possible obstructive adhesions at a 
distance from the anastomosis, the anastomosis is 
identified and the jejunal loops are used for a je- 
junoplasty to be made adjacent to the stoma and 
patterned after the principles of the Finney py- 
loroplasty. The loops of the jejunum are drawn 
downward from their attachment to the stomach, 
and their apposed serosal coats are sutured to- 
gether for about 2 to 4 centimeters (Fig. 1 B). A 
central point for starting this line of suture may 
be chosen directly opposite the stoma or at either 
end, depending upon whether or not it seems ad- 
visable to shorten the proximal loop (Fig. 5). 
After the viscera are carefully packed off, an in- 
verted ‘‘U” shaped incision is made around this 
suture line which opens both arms of the bowel 
(Fig. 1 C). When the edges are drawn apart, the 
stoma in the stomach can be directly inspected 
and palpated (Fig. 2 A). Having determined that 
the stoma is adequate, that no ulcer or faulty 
mechanics exist, the opening in the jejunum is 
closed by completing the technique used for a 
Finney pyloroplasty (2, 4) or some modification 
of it (5) (Figs. 2 A, 3). In this procedure the sep- 
tum between the jejunal loops has been moved 
from 2 to 4 centimeters from the gastric stoma, 
and the original double barreled structure has 
been converted into a single barrel, the size now 
being that of the entire opening (Fig. 4). In fact, 
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a miniature secondary stomach has been created 
with its 3 openings more widely separated from 
each other. This cavity is similar in position and 
size to the pouch produced by the gradual dilata- 
tion and hypertrophy of the jejunum which is so 
frequently found in patients who have a gastro- 
enterostomy or a subtotal resection of long stand- 
ing. The continuity of the jejunum has been re- 
stored so that its contents may pass directly 
downward, may bathe the gastric stoma, or may 
pass into the stomach. If any twist or compres- 
sion of the jejunal loops existed, it has an oppor- 
tunity to straighten out. If the new suture line 
becomes covered by adhesions, there is little likeli- 
hood of obstruction. In fact, it is our practice to 
reinforce the anterior suture line with omentum. 
This operative procedure does not require the 
time nor inflict the trauma incident to the break- 
ing up of adhesions to expose the anastomosis 
from without. The adhesions are divided as the 
gut is split by the “U” shaped incision, which 
will naturally expose the stoma as it is carried to 
completion. The procedure can be completed 
with no more shock and with as much dispatch 
as an ordinary entero-anastomosis and has the 
obvious advantage of direct inspection of the 
stoma and the adjacent mucosa. It should be 
much more valuable and carry no greater opera- 
tive risk than the usual entero-anastomosis. 


Case 1. (Illustrating the obstructions of Group 2.) Mr. 
H. W. S., 37 years of age, had a history of a duodenal ulcer 
for 5 years or more and had been on medical treatment for 
2% years. X-ray examinations showed the crater of an 
ulcer on posterior wall near pylorus with about 20 per cent 
retention of barium meal after 6 hours. Patient had had 
no bleeding but had had a good deal of pain and persistent 
vomiting. After rest in bed and gastric lavage daily for 1 
week, operation was performed on September 17, 1930. 

The duodenum was found firmly fixed posteriorly by an 
ulcer which was attached to the pancreas. A short loop 
posterior gastro-enterostomy was done in the usual manner. 
The operation offered no difficulties. The mesocolon was 
not unusually thick or short. The patient showed no signs 


of leakage or peritonitis after the operation. He was unable” 


to take any great amount of fluid or food from the begin- 
ning and continued to vomit except when his stomach was 
kept clear by the use of the Connell suction apparatus. At 
the end of 9 days barium did not pass and it was evident 
that the gastro-enterostomy had failed to function for some 
unknown reason. 

Secondary operation for obstruction was performed on 
September 27, 1930, which was the tenth postoperative 
day. When the abdomen was opened there were few adhe- 
sions, the distal loop was free, and the gastro-enterostomy 
opening was in excellent condition. The stoma seemed ade- 
quate from without, and there was no kink or obstruction 
evident. Something radical had to be done, but what? 
Every patient that I had seen with a similar condition, in- 
cluding 2 of my own, had eventually died. Pondering this 
problem I noticed that the 2 arms of the jejunum forming 
the gastro-enterostomy lay side by side. The thought sud- 
denly occurred, why not a Finney pyloroplasty? If that 


procedure would relieve obstruction at the pylorus why 
should it not achieve the same result here? It might be the 
answer to a serious and as yet unsolved problem. 

The two arms of the jejunal anastomosis were quickly 
sutured together and opened by means of an inverted “U” 
incision as here described. When the stoma was inspected 
it proved to be surprisingly small, only about half the size 
of the original opening. This condition was probably the 
result of contraction of the somewhat dilated stomach and 
overlapping of the suture line. There was no sign of any 
perforation or ulcer. The second part of the operation 
which we have designated as a jejunoplasty was immedi- 
ately completed. 

The patient was able to take fluids the next day and 
made an uneventful recovery. He had excellent relief from 
the original symptoms. He was not heard of again for 
about 2 years when he was operated on elsewhere for a rup- 
tured appendix and died of general peritonitis. Autopsy 
showed a well functioning gastro-enterostomy opening 
which could not be distinguished from that frequently seen 
long after the usual gastro-enterostomy. The duodenal 
ulcer had healed. 

Case 2. (Illustrating Group 2). Mr. C. H. DeL., 73 
years of age, entered the hospital on September 7, 1937, 
with a history of persistent vomiting and loss of weight. 
X-ray examination showed an almost complete pyloric 
block with a small niche on the lesser curvature which was 
diagnosed as a probable carcinoma. Exploratory laparot- 
omy on September 27, 1937, showed the stomach to be ex- 
tensively infiltrated with carcinoma which extended along 
the lesser curvature. No metastases were found. Because 
of conditionand age of patient a gastro-enterostomy wasdone 
high up on the posterior wall. He continued to vomit and 
nothing passed through the gastro-enterostomy opening. 

On October 10, 1937, the abdomen was opened and a 
jejunoplasty as herein described was done. The patient’s 
stomach began to empty immediately and he made an ex- 
cellent recovery. He was discharged on November 4, 10937. 

CAsE 3. (Illustrating the obstructions of Group 3). Mr. 
J. E., 62 years of age, after medical treatment for a duode- 
nal ulcer for a number of years, had suffered repeated severe 
hemorrhages which could not be controlled by a well con- 
ducted medical regimen. At operation, on November 9, 
1934, the stomach was found to be large and atonic, the 
pyloric end was densely adherent posteriorly and could not 
be freed. About 6 centimeters beyond the pyloric vein 
there was a large indurated mass with much surrounding in- 
flammatory re-action. Because of the recurring hemor- 
rhage it was deemed advisable to exclude this ulcer by per- 
forming a subtotal resection of the Mayo-Pélya type. The 
duodenal end was closed in the usual manner, and a gastro- 
jejunal anastomosis was done by the postcolic route. The 
mesocolon was found to be short, thick, and very heavy; it 
bled easily. It was thought that an adequate opening had 
been made in the mesocolon but it was fat and friable and a 
number of vessels bled, requiring ligation. The entire open 
end of the stomach was anastomosed to the jejunum about 
4 inches from the ligament of Treitz. The mesocolon was 
carefully sutured to the stomach. The operation was com- 
pleted without difficulty and convalescence was excellent. 

He was taking food satisfactorily until the tenth day 
when he suddenly started to vomit. For the next 3 days he 
vomited everything given him. A small barium meal failed 
to pass through the stoma. 

An emergency operation was performed on the thirteenth 
postoperative day. When the abdomen was opened, nu- 
merous adhesions were found both in the duodenal region 
and about the stoma. The adjacent jejunum was covered 
with adhesions which made it appear to be a part of the 
mesocolon. It seemed apparent that separation of the ad- 
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Fig. t. A, Stomach and posterior gastrojejunostomy. B, Center point selected 
and the jejunum on either side of the anastomosis drawn parallel and united by run- 
ning peritoneal sutures—the outer suture line. C, Horseshoe shaped incision following 
the lumen of the gut and encircling the suture line. 


hesions could be followed only by their reformation and 
further obstruction. A jejunoplasty was performed with- 
out further loss of time. The two arms of the jejunum 
forming the anastomosis were drawn taut, the peritoneum 
was sutured together, and a ‘“‘U” shaped incision was made 
opening the lumen of the gut. The stoma was found to be 
adequate and not ulcerated. The jejunum, however, was 
densely adherent in the mesocolon for a distance of at least 
4 centimeters. Recovery was uneventful and the patient is 
a except for the fact that he has an abdominal 
ernia. 

Case 4. (Illustrating Group 3). Mr. W. K., 34 years of 
age, entered the hospital on December 18, 1934, complain- 
ing of the symptoms of duodenal ulcer of 18 years’ duration 
for which a gastro-enterostomy had been done elsewhere 9 
months before. The duodenal ulcer was cauterized at the 
same time. He was put on a medical regimen until Novem- 
ber, 1935, when he again entered the hospital because of 
pain, weakness, fainting, and hematemesis. 

A second operation, a Billroth II subtotal resection, was 
done on December 20, 1935. Inasmuch as his gastro- 
enterostomy was working satisfactorily and there was no 
marginal ulcer present, a subtotal resection of the stom- 


ach, including the duodenal ulcer, but leaving the gastro- 
enterostomy, was performed. Two weeks later signs of ob- 
struction appeared which eventually became complete, as 
no barium would pass the gastro-enterostomy stoma. 

A third operation, a jejunoplasty, was done on January 
25, 1936, 36 days after the second operation. Exploration 
showed that the stomach had rotated in such a manner that 
the loops of the jejunum were twisted and obstructed at 
the stoma apparently due to the loss of the gastrohepatic 
ligament after the gastrectomy. A jejunoplasty was imme- 
diately done, the patient made a satisfactory recovery and 
emptying of the stomach was again normal. He was re- 
lieved for a time but about a year and a half later began to 
show symptoms of a marginal ulcer. 

The fourth operation, a radical subtotal gastrectomy 
(Mayo-Pélya), was done on October 14, 1937. A marginal 
ulcer was found on the posterior wall of the jejunum adja- 
cent to the stoma. The patient made an uncomplicated 
recovery and is in excellent condition at this time with a 
total gastric acidity of only 13. It is still too early to know 
what may happen next. If he should develop another ul- 
cer, inasmuch as there is no more stomach to resect, it may 
be visualized if necessary through another jejunoplasty. 
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Fig. 2. A, Outer edge of the incision retracted showing 
the stoma; inner catgut interlocking suture line completing 
the posterior wall. B, Inner catgut suture line carried to 
the anterior wall, completing the closure by use of the Con- 
nell stitch. 


Someone will raise the question as to the viabil- 
ity of that strip of jejunum which lies between the 
inverted ““U” shaped incision and the gastro- 
jejunal anastomosis. The question of the circula- 
tion of this strip was uppermost in our minds and 
formed the basis of a large number of operations 
upon experimental animals. Occasionally there 
was some cyanosis in this strip but we found no 
necrosis or leakage. As the strip is cut off from 
its original blood supply, however, we recommend 


that the anterior suture line be routinely rein- 
forced with the omentum as aprecautionary mea s- 
ure. The posterior suture line is still in contact 
with its mesenteric vessels and obviously has a 
good circulation. By reinforcing the anterior s\)- 
ture line there is little danger of further obstruc- 
tion such as might occur after reinforcing a gastro- 
enterostomy anastomosis, because the lumen of 
the gut then lies in the plane parallel to the line of 
sutures. 

Will this jejunoplasty influence the hazard of 
marginal ulcer? We think it unlikely, because the 
procedure simply increases the lumen of the jeju- 
num and makes the anastomosis what it should 
have been originally. 

The relief afforded to this group of patients with 
acute obstruction is most striking. Pinched and 
depleted by the loss of 2000 cubic centimeters or 
more of duodenal secretions daily and kept alive 
only by intravenous medication before operation, 
they may be found reading the paper or smoking 
a cigar (as happened in one of our cases) on the 
day after. This sudden change for the better em- 
phasizes again the importance of the duodenal 
secretions. We can recommend this procedure 
without reservation for these acutely obstructed 
patients who heretofore have proved so trouble- 
some and in whom the mortality has been so high. 
It has been called the “fire escape” of the gastric 
surgeon, a way out, by which he is able to rescue 


terior wall. B, Sagittal section of stomach, stoma, and jejunum before jejunoplasty. 


C, After jejunoplasty. 
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his patient from a situation which otherwise would 
have cost him his life. 


Il. JEJUNOPLASTY AS AN APPROACH TO MARGINAL 
ULCERS, OR FOR ENLARGING OR CLOSING THE 
GASTRIC STOMA 


Although this jejunoplasty was originally de- 
signed to relieve the acute obstructions occurring 
alter gastrojejunal anastomoses, we were immedi- 
ately impressed by the excellent exposure of the 
gastric stoma and the adjacent jejunum which it 
aflorded. The occurrence of marginal ulcers with 
their sequels has been the most serious complica- 
tion of gastric surgery. When ulcers occur and 
cannot be controlled by a proper medical regimen, 
the surgeon has the choice of 3 alternatives: (a) He 
may deal with the ulcer locally and continue to do 
so as necessary. (b) He may adopt a more radical 
procedure and do a subtotal gastrectomy. (This 
course is advocated by a majority of American 
and European surgeons.) (c) He may retrace his 
operative steps by closing the gastric stoma, pro- 
vided the pylorus is open, and return his patient 
to the original status particularly if, in the mean- 
time, the original lesion has healed. (This is the 


JEJUNOPLASTY 


_4Posterior wall of slornach 


Anterior wal] of stomach 


Fig. 4. View of anastomosis from within the stomach. 
a, Before the jejunoplasty. b, After the jejunoplasty, 
showing how the septum has been split down restoring the 
continuity of the jejunal lumen and creating a potentially 
larger stoma. 


procedure of choice in England and Scotland 
where subtotal gastrectomies are seldom done ex- 
cept for cancer.) 

If the surgeon is inclined toward conservatism 
or if more radical surgery is contra-indicated for 
any reason, we believe that this jejunoplasty, as 
an approach to the stoma, has many advantages 
over any other with which we are familiar. 

Gastrojejunal ulcer. If an ulcer is present it can 
be dealt with by excision or cauterization without 


Fig. 5. Sketch showing how the selection of a central point for starting the jejuno- 
plasty will permit changing the length of the short loop and the resulting change in 
the lumen of the gut. A, Central point using equal length of both proximal and dis- 
tal jejunum, both shortened an equal amount. B, Length of short loop not changed by 
reflecting the distal jejunum against it. C, Maximum shortening of proximal loop by 


using it entirely for the jejunoplasty. 


709 
| 
f 
if 
e 
d 
h 
| 
r 
& 
: 
B. 
A. \ Stomach 
4 
Z = 


SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 6. First part of the jejunoplasty complete as an 
approach for the removal of a marginal ulcer. 


disturbing the anastomosis and, what is more im- 
portant, without the usual danger of narrowing 
the stoma. The additional room gained by virtue 
of the jejunoplasty more than offsets any narrow- 
ing that may occur by removing the ulcer (Fig. 6). 


_ Fig. 8. Gastrojejunoplasty to enlarge the stoma. Inci- 
sion is carried across the stoma into the stomach. 


Fig. 7. Enlargement of the stoma. Line of incision from 
“U”’ incision across stoma into stomach. 


Enlargement of the stoma. If the stoma is found 
to have been made too small originally or to have 
become contracted from the presence of a margi- 
nal ulcer or narrowed through the excision of an 


Fig. 9. Closure of the anterior wall of the jejunum and 
stomach by staggering the suture line and interposing gas- 
tric wall between the ends of the divided stoma to increase 
its size. (Wider stitches on long side.) 
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2 
Fig. to. 


Complete closure of the gastric stoma from within the gut. (Approach 


and closure as in Figs. 1, 2, and 3.) A, Mucous membrane covering the rim of the 
stoma excised exposing a wall made up of: (1) muscularis mucosa of the stomach, (2) 
combined muscle of the stomach and jejunum, and (3) mucous membrane of the 
jejunum. B, Muscularis mucosa detached from around the stoma and everted into 
the stomach by the Connell stitch of catgut. C, Muscular layer closed with inter- 


rupted silk in the direction in which the stoma was originally made. 


These stitches 


approximate but do not penetrate the firmly attached jejunal mucosa which falls 
together as the muscle is approximated, and usually does not require a separate suture. 


ulcer, it can be enlarged with the greatest of ease 
as a final step in completing the jejunoplasty. In 
addition the surgeon does not have to make this 
decision until the lesion has been removed and he 
has had an opportunity to appraise the size of the 
repaired opening. If he wishes to enlarge it a ver- 
tical incision is made from the superior margin of 
the original inverted “U” incision across the 
stoma into the stomach as far as is necessary for 
the size desired (Fig. 7). A new center is then 
chosen for closing the entire incision so that the 
divided ring can be separated by interposing gas- 
tric or duodenal tissues between its ends (Figs. 
8, 9), taking more tissue in each stitch on the 
longer side. 


Case 5. Mr. A. A., 37 years of age, first entered the hos- 
pital in 1924 and a posterior gastro-enterostomy was per- 
formed because of a densely adherent duodenal ulcer. He 
had some relief but returned 6 months later with a marginal 
ulcer. He was treated conservatively and improved. 

A second operation was done in 1929. The old gastro- 
enterostomy stoma was partly obstructed by a marginal 
ulcer and there was evidence that the duodenal ulcer still 
persisted, so a subtotal resection (Mayo-Pélya) was done. 
In November, 1931, the patient returned with a second 
marginal ulcer and was treated medically with varying de- 
grees of relief. In January, 1938, he returned with severe 
pain, having a go per cent retention, not only in that part 


of the stomach which still remained but also in the closed 
duodenal stump. 

In February, 1938, gastrojejunoplasty was performed. 
Laparotomy showed dense adhesions about the stoma, co- 
lon, and jejunal loops. These loops were distended both 
distad and proximad to the anastomosis. The stoma was 
exposed by doing the first portion of the jejunoplasty. The 
opening was found to be very small and contracted and 
there was a very small marginal ulcer on the posterior rim. 
This ulcer was destroyed by the cautery. The stoma was 
enlarged by carrying the incision from the inverted “U” 
incision in the jejunum across the stoma into the stomach 
for about 4 centimeters. This combined line of the jeju- 
num and stomach was then closed by staggering the edge 
of the incision and interposing gastric tissue between the 
divided ends of the stomal ring, or a “‘ gastrojejunoplasty.” 
Convalescence was uneventful and there is no retention. 
It is, of course, too early to determine the final result. 


Closure of the stoma. In certain cases in which 
the gastro-enterostomy is unsatisfactory because 
of recurring marginal ulcers and in which the 
pylorus is open, it may be desirable to restore the 
original continuity of the bowel rather than to 
attempt to deal with the lesions locally, or subject 
the patient to a subtotal gastrectomy. In such an 
event, this approach permits complete closure of 
the stoma from inside, without the necessity of 
detaching the jejunum from the stomach or of 
resecting the jejunum and doing an anastomosis. 
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The stoma is pushed forward by the hand of the 
assistant which may be placed behind the stom- 
ach or even in the lesser peritoneal cavity if neces- 
sary. After the first part of the jejunoplasty has 
been completed, the mucous membrane around the 
rim of the stoma is excised with curved scissors. 
The free edge of the muscularis mucosa is de- 
tached around the entire circumference of the 
opening and everted into the stomach with a Con- 
nell stitch. This is best done by using fine gastro- 
enterostomy catgut and everting it by a double 
row of sutures. Following this the muscle layer of 
the ring is closed with interrupted silk in the direc- 
tion in which it was originally made. This stitch 
includes the entire muscle layer and approaches, 
but does not penetrate, the jejunal mucous mem- 
brane. It may approximate the jejunal mucosa so 
well that a third line of sutures (catgut) may not 
be required for this layer (Fig. 10). The second 
portion of the jejunoplasty is then completed in 
the usual manner. We wish to emphasize the im- 
portance of having the assistant push the anasto- 
mosis well up into the field so that it is readily ac- 
cessible and will permit this closure with a mini- 
mum of traction and trauma. While the closure 
of the stoma offers no unusual technical difficul- 
ties, it is suggested that those interested in mas- 
tering the details of this technique may find it 
advantageous to try it out on the cadaver or ex- 
perimental animal. 

It should also be pointed out that whenever the 
stoma is to be closed a longer anastomosis of the 
jejunal loops is necessary to prevent the swollen 
tissues about the closed stoma from encroaching 
upon the lumen of the jejunoplasty. In all other 
conditions except this one in which the stoma is 
closed and the neutralization of acid ceases to be a 
factor, the anastomosis should be made as short as is 
consistent with the correction of the mechanical diffi- 
culties (usually 2 to 4 centimeters), so that the alka- 


line duodenal secretions will continue to bathe the - 


stoma, and minimize the hazard of a marginal ulcer. 

In virtue of our limited experience with these 
procedures we do not at this time desire to leave 
the impression that we are advocating them as a 
substitute for subtotal gastric resection in the 
treatment of marginal ulcer, except when the more 
radical operation is contra-indicated or whena mar- 
ginal ulcer has occurred after subtotal resection. 


CONCLUSIONS 


1. Obstruction following gastro-enterostomy or 
subtotal resection of the stomach may be caused 
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by: (1) an improperly placed stoma; (2) one tha: 
is too small in itself or, because of its narrow at- 
tachment, angulates the jejunum; (3) a jejuna! 
loop which is either too long or too short for the 
changing positions of the stomach; (4) a meso- 
colon which fails to stretch when the stomach 
wall straightens out and causes the anastomosis t) 
be drawn into or through it; (5) herniation result - 
ing from an inadequate fixation of the mesocolon 
to the stomach; (6) pressure of the middle colic 
artery on the jejunal loops; (7) adhesions about 
the stoma; (8) marginal ulcers or their sequels; 
and (9) adhesions about the gut distal to the 
stoma. 

2. A new jejunoplasty adjacent to the stoma 
has the distinct advantage of: (1) relief of the ob- 
struction at the anastomosis where it actually oc- 
curs; (2) direct inspection of the stoma from 
within; (3) formation of a miniature stomach in 
which duodenal secretions continue to bathe the 
stoma; (4) re-establishment of the direct continu- 
ity of the jejunum; (5) a potentially larger stoma; 
and (6) a minimum amount of surgery. 

In the acute obstructions we are convinced that 
the mortality rate can be easily reversed. Whereas 
an estimated 75 per cent of patients requiring 
re-operation previously have died, it is possible 
with this procedure to save 75 per cent or even a 
greater number. 

3. This jejunoplasty may be used in chronic 
obstructions as an approach for: (1) the resection 
of marginal ulcers; (2) increasing the size of the 
stoma—a gastro-jejunoplasty; and (3) permanent 
closure of the stoma and restoration of the origi- 
nal continuity of the gut. 

The authors wish to thank Dr. Henry Searls, Dr. H. 
Glenn Bell, Dr. Leon Goldman, Dr. Harold Lindner, and 
Dr. Harry Benteen for their generous assistance in carry- 
ing out the clinical and experimental investigations asso- 
ciated with this problem. 
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FRACTURES OF NECK OF THE FEMUR TREATED WITH 
SMITH-PETERSEN NAIL 


Analysis of 78 Cases During 1937 


STANLEY M. LEYDIG, M.D., Saint Louis, Missouri 


ROM January 1, 1937, to January 1, 1938, 

166 fractures of the hip were admitted to 

St. Louis City Hospital; 88 were trochan- 

teric fractures, and 78 were fractured necks 
of the femur. Further classification seems unnec- 
essary as in our experience of previous years there 
has not been any difficulty in securing bony union 
of extracapsular fractures, while the contrary has 
been true of displaced intracapsular fractures. No 
differentiation is made between subcapital or cen- 
tral intracapsular fractures, as the difficulty in 
treatment and prognosis of these types has been 
similar. Fractures at the base of the neck in 
which the neck is split off from the shaft are not 
included in this report and were classed with the 
trochanteric fractures. Impacted fractures of the 
neck of the femur, which in our experience have 
usually united, are classified separately. The av- 
erage age of patients with fracture of the neck of 
the femur was 66 years and the average age of 
those who expired was 68. 

Of the 78 cases, 14 were impacted fractures of 
the neck of the femur. These fractures united in 
all cases, and such has been our result in previous 
years, regardless of the type of treatment. Seven 
of the impacted fractures were treated in the body 
spica casts, 4 were nailed with the Smith-Petersen 
nail, 1 was treated in a Hodgen splint, and 2 were 
treated with bed rest only. All are now walking 
and apparently have bony union, with the excep- 
tion of 2 cases that were nailed. These also will 
probably unite but have not been under observa- 
tion a sufficient time. 

Of the 64 cases with displaced intracapsular 
fractures of the femur, 10 were moribund on ad- 
mission and remained so until their death. In 
these cases, the fracture was treated only by trac- 
tion and immobilization in sand bags. Six cases 
were treated in body spica casts, 3 united and 3 
went on to non-union, with complete absorption 
of the neck of the femur. The remaining 48 cases 
were reduced and nailed with the Smith-Petersen 
nail (7). Of the 52 patients with fractures that 
were nailed, including 4 cases of impacted frac- 
‘ure, there were 13 patients who expired during 
the course of the year. Of this number, 3 gradu- 


ally terminated in uremia, 1 died of pneumonia 
several weeks after operation, 2, of cardiac decom- 
pensation, 1, with pulmonary embolism, 1, appar- 
ently of too much morphine before operation (1% 
grain of morphine), 1, of carcinoma of breast 
(pathological fracture), 1 of delirium tremens, 2, 
of wound infection with septicemia, and 1, of 
femoral thrombosis with ensuing gangrene. I be- 
lieve that in only 8 of this group was there any 
expectancy of sustaining life for long. The 5 re- 
maining probably would have expired within the 
year had the fracture of the hip not occurred. 
The fractures were nailed only to facilitate nursing 
care and add to the patients’ comfort, as these 
cases lived from 3 to 7 weeks after operation. 

If these 5 cases were not considered, there would 
be 8 deaths out of 47 cases, and the mortality 
would be 17.2 per cent. Two patients expired 
because of wound infection which was a direct 
result of the operation. 

These results represent the work of 2 surgeons, 
Dr. Norman Johnson, who handled 15 cases, and 
the author, who took care of 37 cases, with the 
exception of 3 or 4 cases done by the visiting 
surgeons, Dr. J. Albert Key, Dr. Peter J. Hein- 
becker, and Dr. Avery P. Rowlette, to whom we 
are indebted and grateful for their interest. 

The percentage of union is difficult to determine 
at this time, as 6 months should elapse before one 
can say that bony union will not result, and in 
some cases several years must elapse; as 2 cases 
which were reported as non-union by Dr. Avery 
P. Rowlette, et al, in 1936, have since united, 
after being under observation for 2 years. Of 39 
living patients, including 4 impacted cases, 23 are 
able to walk without support. Six cases are un- 
able to walk even with crutches; 3 of these cannot 
walk because of their senescent condition, but the 
other 3 could not walk before the fracture oc- 
curred, due to atrophic arthritis, chorea, and 
hemiplegia; 4 would not return for re-examination 
and 6 are too recent to determine prognosis. 

Of the 23 patients walking, 10 show absorption 
of the neck of the femur, which is nearly complete 
in 2 instances, although bony union appears to be 
present (Fig. 6). Of the 3 patients who could not 
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Fig. 1. Section through femur with nail in place. Patient 
expired 2 weeks after operation of delirium tremens. 


walk before they fractured their hip, 2 showed 
complete absorption of the neck of the femur, with 
non-union; of the 3 that never walked without 
crutches after their fracture 2 showed complete 
absorption with non-union, and the third has 
united. Thus of 27 known living patients 14 or 
51 per cent showed some degree of absorption of 
the neck of the femur. 

Of 35 living patients that had displaced intra- 
capsular fractures that were reduced and nailed, 
the reduction was considered good in 27 cases, and 
only 5 of these showed absorption of the neck of 
the femur not over three-fourths of an inch, and 
in these cases the nail was accurately placed (Figs. 
1, 2). There were 8 cases in which the reduction 
was imperfect; absorption was complete in 6 of 
these patients and marked in the 2 others (Figs. 
3 and 4). Whenever absorption of the neck was 
observed, it had occurred within 4 months of the 
operation. There were no cases in which absorp- 
tion occurred if the reduction and the nailing were 
accurate, provided the patient was not bedridden 
and was able to use crutches. The average num- 
ber of hospital days per patient was 22 days. 


Fig. 3. Only fair reduction and nailing of fracture, 


Fig. 2. Good reduction of fracture and accurate nailing. 


The method used in nailing was the same as 
that described by Dr. J. Albert Key, the so called 
blind method in which reduction was done under 
local anesthesia by the Leadbetter maneuver, 
and the Smith-Petersen nail inserted through a 
6 inch incision over the trochanter after inserting 
a drill and checking the position by portable x-ray 
in the operating room. 

During the past few months we have modified 
the technique, and now drive the nail with our 
own devised impactor through an incision 114 
inches long, without previously inserting a guide 
such as the drill. The smaller incision decreases 
the chances of wound infection, shortens the time 
of the operation, and lessens the amount of bleed- 


Fig. 4. Imperfect reduction with complete absorption of 


the neck after 10 months, although bony union is present. 


Fi 
flans 
by t 
angl 
the 
shaft 
is in 
the 
the 1 
are 1 
ing. 
Toor 
an 
tion 
vr 
a 
and 1 


LEYDIG: FRACTURES OF FEMUR TREATED WITH SMITH-PETERSEN NAIL 715 


Fig. 5. Our own devised nail driver and impactor. The 
flange rests against the shaft and is prevented from slipping 
by the 4 sharp pins that protrude. The flange is at an 
angle of 125 degrees to the cylinder which corresponds to 
the angle which the neck of the femur makes with the 
shaft. The nail is placed in the cylinder and the plunger 
is inserted. The set screw is then turned tightly against 
the plunger. Thus the force of each blow is divided against 
the nail and against the impactor, so that the fragments 
are impacted as the nail is driven. 


ing. This procedure is done in our fluoroscopic 
room and necessitates taking only 4 x-ray plates, 
an anteroposterior and lateral view after reduc- 
tion, and again after the nail has been started. 


Fig. 7. Tray with all instruments used. A, Impactor 
and nail driver. B, Nail extractor. 


Fig. 6. Illustration of aseptic necrosis around the nail, 
and absorption of the neck with bony union. Patient has 
only a slight limp, walks without support, and has no pain. 


It rarely takes over 45 minutes for both the 
reduction and completion of operation. 

We have done several cases by direct visualiza- 
tion with an incision from the anterosuperior 
spine down to below the trochanter, cutting the 
tendon of the tensor fascia lata, and opening the 
capsule. This method impresses us as being a 
rather extensive surgical procedure and only appli- 
cable to the more vigorous cases.' 

In one such operation it was noticed that while 
driving the nail the head displaced slightly inward, 
and impaction of the reduced fragments was diffi- 
cult to maintain. After the nail had been driven 


1Since the preparation of this paper an interesting article on the same 
rocedure has appeared in SURGERY, GYNECOLOGY AND OBSTETRICS for 
| eng 1939, by W. R. Cubbins, J. J. Callahan, and Carlo S. Scuderi. 


Fig. 8. The nail was inserted about 1% inch too far and 
after observation for a year some necrosis of the acetabulum 
was seen at the point of the nail. The patient can walk 
without support and has had no pain. 
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TABLE I.—FRACTURED NECKS OF THE FEMUR 
FROM 1931 TO 1936 AND THOSE IN 1937 
1931-1936 


166 64* 

Average age in years.............. 63.8 66.0 
per 25.9 28.2 
Average age of deaths............. 7.2 68.0 
Average no. of hospital days....... 83.0 22.4 


*This number does not include 14 impacted cases. 


in as far as necessary there was a slight separation 
of the fragments, which was not improved by 
further impaction, although x-rays taken after 
operation showed good approximation. This has 
undoubtedly occurred before with the blind nail- 
ing method, and it was this observation that led 
us to devise our own type of nail driver which 
impacts the fragments as the nail is being driven 
(Fig. 5). We make an attempt to get the patients 
up on crutches as soon as possible after operation 
and encourage them to place their affected ex- 
tremity on the floor, bearing a slight amount of 
weight. After 3 months, they have usually dis- 
carded 1 crutch and after 5 months they are 
walking with a cane, which most of them prefer 
using for several months longer. We remove the 
nail after 1 year, and find that it is easily extracted. 

The following chart is a comparison of fractured 
necks of the femur at City Hospital from 1931 to 
1936 and 1937. 

Among many objections now heard concerning 
the use of the Smith-Petersen nail is the presence 
of metal being a cause of local bone absorption (8) 
and delayed union (1). Aseptic necrosis around 
the nail was seen in only 3 of our patients, and 
was without ill effect (Fig. 6). The amount of 
metal in the Smith-Petersen 3 flanged stainless 
steel nail is no more than if multiple Kirschner 
wires, or several pins (5) were used, and the type 
of nail which we use is no more expensive. We do 
not feel that an array of various sized nails is 
necessary and have only 2 nails on our sterile 
tray (Fig. 7), a 3% inch and a g inch nail, and by 
varying the point of insertion below the trochan- 
ter, we have had very little difficulty in inserting 
the nail at the correct distance. In 1 case the nail 
was inserted too far and after observation for a 
year there was some slight absorption of the ace- 
tabulum at the point of the nail (Fig. 8), but the 
patient has always walked without pain and uses 
no support. 

Various devices have been used in an attempt 
to answer the problem of the nail backing out due 
to absorption of the bone around it (2). Some 
have resorted to fixing the head of the nail to the 
cortex of the shaft of the femur with a pin. If 
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TABLE II.—COMPARISON OF TWO METHODS «\F 
TREATMENT USED FOR FRACTURED NECKS 
OF FEMUR 


1935-10936 1937 
2-Pin Smith-Pete: en 
Method (52 cases 
30 42* 
No. of months observed....... 4 
Mortality—no. and per cent... 6-20 13-27 
Traced or re-examined........ 29 38 
Bony union—no. and percent... 13-45** 19-537 


*This number does not include 4 impacted cases. 
**If 6 deaths be subtracted, the average would be 58 per cent. 
tif 13 deaths be subtracted, the average would be 89.4 per cent. 


even slight absorption of the neck should occur, 
the nail would then tend to hold the fragments 
apart, making non-union inevitable unless the nail 
worked through the head into the acetabulum 
with obvious possible complications. In only 3 of 
our cases has the nail worked out and in each 
instance was easily re-inserted. Two of these cases 
have healed with bony union and the other is too 
recent to determine the prognosis. 


CONCLUSION 


Although a longer period of observation would 
be desirable, one can determine the prognosis in 
fractures of the neck of the femur treated by the 
Smith-Petersen nail much earlier than formerly, 
as a long period of observation was necessary in 
cases treated with the Whitman cast, or subcuta- 
neous pinning. Furthermore, our report is offered 
at this time because of the present widespread 
interest in internal fixation of fractures of the neck 
of the femur and also because of the difficulty in 
following up our patients over a longer period as 
a large number of them have no permanent resi- 
dence throughout the year. 

These statistics show that much is yet to be 
desired in results with the Smith-Petersen nail, 
but it must be remembered that these cases come 
from an underprivileged group and their poor gen- 
eral condition has contributed to an undesirable 
result in many cases. 

Before 1935, internal fixation of intracapsular 
fractures had not been attempted in this hospital 
and patients were treated in a Whitman spica cast 
with very few cases of union resulting. Internal 
fixation with the 2 pin method, used in 1935 to 
1936, showed a marked improvement and resulted 
in 58 per cent union in patients who survived (6). 
The Smith-Petersen nail has increased bony union 
to 89.4 per cent in patients who survived and 
has cut the average number of hospital days per 
case to almost a fourth of what it had been 
previously. 
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Of the patients who survived 51 per cent showed 
some degree of absorption of the neck, and 
whether early weight bearing is a factor in ab- 
sorption and is to be advised will have to be 
decided in the future. 

Accurate reduction, and accurate nailing with 
eirly weight bearing on crutches has been our 
desire. It is interesting to note that when these 
3 conditions have been fulfilled, the fracture has 
healed with apparent bony union and good func- 
tion. 
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ON MEDICAL EDUCATION 


N arecent charming book’, Dr. Arthur E. 
Hertzler makes the following statement 
about medical teaching and teachers: 

“TI give place to no man in the appreciation of 
the medical researcher, but his problems are 
not for the medical student. Researchers 
should be quarantined both for their own good 
and for the good of the student. I speak 
sympathetically, because I have dabbled in 
the border lines myself, but I have never 
mentioned them to my students. The fact 


should be recognized that the average doctor . 


never does catch up with what the researcher 
is doing. We doctors should be spared the 
agony of the scientific delivery room and 
should be allowed to hold the baby only after 
the nurse has him all polished up and dressed.” 
This is, as I understand it, a picturesque state- 
ment of the position held by many, that the 
student learns best by the didactic method 
and should be spared the agony of thinking 


‘Arthur E. Hertzler. The Horse and Buggy Doctor, Harper 
Brothers, 1938. 


for himself. It assumes furthermore that tlie 
scientific babies finally do become dressed and 
polished and that the clothes will not later 
(after graduation) need to be changed. 

Mr. Dooley was a bartender on Archer 
Avenue in Chicago during the early years of 
the century and was wont to discuss many 
things with his friend, Mr. Hennessy, which 
were recorded for a larger audience by Finley 
Peter Dunne?. On the subject of education, 
Mr. Dooley had this to say: “‘Childher shud- 
den’t be sint to school to larn, but to larn 
how to larn. I don’t care what ye larn thim 
so long as ’tis onpleasant to thim. ‘Tis 
thrainin’ they need, Hinissy.” I prefer the 
philosophy of the sage of Archer Avenue to 
that of the famous ‘‘horse and buggy doctor” 
of Halsted, Kansas. I believe that only the 
man who knows by experience the method of 
original investigation, its difficulties and dis- 
appointments, and the tentative character of 
its conclusions, is qualified to teach science, 
at least at the graduate level. Only the in- 
vestigator can really appreciate the basis in 
fact for the opinion that passes as knowledge. 
Once this opinion becomes sanctified by in- 
clusion in a textbook, and clarified and elabo- 
rated in subsequent textbooks based on the 
first, it forms part and parcel of common 
knowledge and its position becomes almost 
unassailable. 

I have sometimes had occasion to glance 
at notes prepared for lectures to medical 
classes twenty years ago and to reflect on the 
status of our knowledge at that time and 
today. I am appalled at the thought that 
some may be working now with the equip- 


2F. P. Dunne. 
1906. 


Mr. Dooley’s Philosophy, Harper Brothers, 
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ment of that period. This would be true un- 
Jess the student had learned how to learn 
cither in school or subsequently. Why not in 
the medical school? In the program of grad- 
uate training in surgery at the University of 
Chicago, the candidate after completion of 
the interne year is required to spend a year 
in research, either alone or in association with 
a member of the staff. It is not our thought 
that any considerable proportion of these men 
will become professional investigators or 
occupy academic positions, but rather that 
they will benefit from the experience as part 
of the educational process. The beginner 
makes many mistakes, and he draws conclu- 
sions not warranted by the evidence, but he 
learns by the experience, he becomes aware 
of many pitfalls, and he is better able to 
evaluate what he reads. It is unfortunate 
that all students cannot be given this ad- 
vantage. The program is expensive. It con- 
sumés much of the teacher’s time and energy 
and there is considerable waste of material. 


Possibly not all students are sufficiently cap- 
able to warrant the expenditure of effort and 
money. But where it can be done, let it not 
be discouraged. Medicine is not static and 
the method of its progress should not be kept 


secret. LesTER R. DRAGSTEDT. 


INTRAVENOUS ANESTHESIA 


HE increasing usefulness of intra- 

venous anesthesia for many types of 

operations has never been as appar- 
ent as it has recently. The criticism of the 
method in the past was often well deserved, 
as most of the agents employed were es- 
sentially unsuitable and in some instances 
dangerous. The longer-acting barbiturates, so 
many of which enjoyed a brief but extensive 
use, were soon seen to have many disadvan- 
tages as anesthetic agents. The evolution of 


719 


the so called ultra-short-acting barbiturates 
opened up the field of intravenous anesthesia 
as we know it today and has provided us with 
a method which has proved safe, satisfactory, 
and essentially free from complications, when 
the agents are administered by experienced 
persons for suitable types of operations. In 
other words, intravenous anesthesia now has a 
definite place among the various anesthetic 
methods. The barbiturates that have proved 
most satisfactory in this field are evipal soluble 
(sodium n-methyl-cyclohexenyl methyl bar- 
bituric acid) and pentothal sodium (sodium 
ethyl-l-methyl butyl barbituric acid). While 
the action of these drugs is similar, most 
authorities feel that pentothal sodium, owing 
to its increased potency over evipal soluble, 
provides a superior anesthesia and that the 
awakening of the patient is usually attended 
by somewhat less excitation and other post- 
anesthetic effect than when evipal soluble is 
employed. Preliminary medication with mor- 
phine, atropine, and a barbiturate is of ad- 
vantage in all but the most brief operative 
procedures. The intermittent or fractional 
method of injection has proved to be the 
safest method of administering these drugs, 
and no set dose should be computed. Individ- 
ual tolerance of the patient for a barbiturate 
is a most variable factor. A free airway should 
be maintained at all times, either by support 
of the patient’s jaw when required, or by the 
introduction of an artificial airway. Perhaps 
the most important single factor to be ob- 
served when administering barbiturates intra- 
venously is never to administer a dose which 
causes prolonged respiratory depression. The 
amounts of the drug necessary to induce anes- 
thesia and those subsequently required to 
maintain it serve as a reliable guide to the 
patient’s tolerance. As an aid to the obser- 
vance of the respiratory functions, the move- 
ments of a cotton or paper “butterfly” which 
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is fastened by adhesive tape over the patient’s 
mouth and nose, will add to the safety of the 
method. 

Some of the literature on the usefulness 
of intravenous anesthesia may be confusing 
to many readers, as it is so often contradic- 
tory. The wave of enthusiasm for many new 
methods has been very well demonstrated by 
writers in this field. The more ardent enthu- 
siasts recommend the method as being prac- 
tically ideal for almost every type of operation 
while some go to the other extreme and con- 
demn it whole-heartedly. Neither of these con- 
ceptions gives the reader a true picture of the 
present status of intravenous anesthesia. Many 
justifiable criticisms in the past have arisen 
from the use of unsuitable drugs or faulty 
methods of administration, and from choosing 
the method for patients or operative pro- 
cedures in which its use should have been 
contraindicated. Generally speaking, the 
method is most applicable for short and minor 
surgical procedures ranging from fifteen to 
thirty minutes, especially in cases in which 
the operative procedure does not involve the 
respiratory passages or the peritoneal cavity. 
In certain selected cases its use may be pref- 
erable for intra-abdominal operations but in 
many of these instances a safer and more 
satisfactory anesthesia is obtained if an ab- 
dominal wall block is used as a supplement to 


intravenous anesthesia. When it is used to 


induce anesthesia prior to the administration 
of local, regional, or inhalation anesthesia, an 
apprehensive patient may be spared much 
mental strain or physical discomfort. It may 
frequently be useful to supplement local or 
spinal anesthesia when the effect of the latter 
is beginning to wear off. For certain opera- 
tions requiring the use of the electrocautery, 
intravenous anesthesia may be preferred to an 
inflammable or explosive inhalation anesthetic 
agent. Complications following the use of 


intravenous anesthesia are rare. Phlebitis 
along the course of the vein employed or other 
irritative effects rarely if ever occur when 2 5 
per cent solutions of pentothal sodium have 
been employed. Remote untoward effects and 
complicationsare conspicuously absent. Elderly 
and debilitated patients tolerate this type of 
anesthesia well, although much smaller dosvs 
usually are required. Most anesthetists agrce 
that the method should not be used for opera- 
tions in the vicinity of the pharynx, operations 
in which it will be difficult to maintain a free 
airway, in cases in which the blood and secre- 
tions may act as a potential obstruction to 
the airway, in operations in which profound 
and continuous muscular relaxation is desired, 
as in extensive intra-abdominal operations, 
and in cases in which the patients are young 
children. A sulphur containing barbiturate, 
such as pentothal sodium, is not felt to be a 
safe anesthetic agent when a patient has been 
receiving another sulphur containing prepara- 
tion, such as sulfanilamide, unless the latter 
drug has been withheld for twenty-four to 
forty-eight hours. 

A question which frequently arises is the 
advisability of employing intravenous anes- 
thesia in private practice, either in the home 
or the doctor’s office. If the narcosis is to be 
brief, not exceeding five minutes, and if the 
physician insists that the patient lie down 
until the effects of the drug have completely 
worn off, its use in the office may be permitted. 
Even when a patient appears to have com- 
pletely recovered from the anesthetic, he should 
not be permitted to return home unless ac- 
companied by a responsible person. Intra- 
venous anesthetics should be administered 
with the patient in the prone position. Facilities 
for administering oxygen and carbon dioxide 
should be available, as these agents are most 
reliable in combating excessive respiratory de- 
pression caused by a barbiturate. Thus, with 
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the type of intravenous anesthesia available 
today, we have a method whose merits and 
sifety have become established. The method 
o| administration is comparatively simple and 
does not involve the use of complicated appara- 
tus. Despite this fact, the method is safe only 
in the hands of those experienced in its use. 
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The importance of a thorough knowledge of 
the effects of the barbiturates and the method 
of administration cannot be stressed too 
strongly. Such knowledge will, of course, tend 
to increase the value and safety of this new 
method of anesthesia. 

R. CHARLES ADAMS. 
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HE excellent book Fractures of the Jaws' by Ivy 

and Curtis which now appears in revised edition, 
will be a valuable addition to the library of not only 
the general practitioner but of the specialist as well. 
Its simple, practical language not only deals with the 
simple problems but, by directing easily applied 
treatment, facilitates the management of the more 
difficult complications which do at times arise. It is 
comprehensive and concise and directs the applica- 
tion only of known and proved methods, avoiding 


IFRACTURES OF THE Jaws. By Robert H. Ivy, M.D., D.D.S., F.A.C.S, 
and Lawrence Curtis, A.B., M.D., D.D.S., F.A.C.S. 
delphia: Lea & Febiger, 1938. 


ad rev. ed., Phila- 


THE SURGEON’S LIBRARY 


REVIEWS OF NEW BOOKS 


controversial topics which are apt to confuse the 
operator, who in the course of his practice encounters 
an occasional jaw fracture. 

The book will appeal to the specialist as it offers 
many suggestions by which the experienced operator 
can improve his own methods of treatment. The 
chapter on radiography technique will be invaluable 
to the operator who in the smaller centers is obliged 
to make his own radiograms or is at least obliged to 
direct the making of them. The chapter on dietary 
management is especially valuable to the operator 
who has no trained dietitian at hand who can assume 
charge of the case. HerBertT A. Ports. 


Books received are acknowledged in this department, 
and such acknowledgment must be regarded as a sufficient 
return for the courtesy of the sender. Selections will be 
made for review in the interests of our readers and as 
space permits. 
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Leipzig: Georg Thieme, 1938. 

Die UROLOGIE IN EINZELDARSTELLUNGEN. Edited by 
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